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MEASURES  OF  DOUBLE  STARS  WITH  THE  40-lNCH  REFRACTOR 
OF  THE  YERKES  OBSERVATORY  IN   1900  AND  1901 

S.    W.    Bu  RNH  AM 

The  double-star  measures  recorded  here  were  made  principally  in  the  years  1900  and  1901. 
The  observations  preceding  this  period  were  almost  entirely  of  the  y3  stars ;  and  the  mean  results  have 
been  incorporated  in  the  "General  Catalogue  of  1290  Double  Stars"  discovered  by  the  writer  from 
1871  to  1899,  and  issued  in  1900  as  Vol.  I  of  the  Pi(hlicatio)i>^  of  the  Yerkes  Obsermfory.  The  detailed 
measures  have  not  been  printed,  but,  as  the  results  have  been  given  in  connection  with  all  the 
measures  of  these  stars,  arranged  in  chronological  order,  I  have  not  thought  it  worth  while  to  give 
the  separate  observations. 

In  making  the  working-list  of  objects  for  measurement,  the  purpose  was  to  include  no  star  likely 
to  be  observed  elsewhere,  and  to  confine  it  wholly  to  long-neglected  and  little-known  pairs,  and  those 
which  for  the  lack  of  sufficient  measures,  or  the  uncertainty  of  the  early  results,  could  not  be  classified 
as  to  motion  or  otherwise.  These  stars,  so  far  as  the  early  astronomers  are  concerned,  come  largely 
from  the  several  catalogues  of  the  two  Herschels  and  South,  with  some  of  the  rejected  Struve  pairs 
also  catalogued  and  roughly  measured  by  Herschel  II.  Many  of  these,  and  particularly  those  from 
Herschel  I.  and  South,  are  wide  pairs,  and  too  widely  separated  to  be  considered  by  modern  observers 
as  double  stars  in  the  proper  sense  of  the  term ;  and,  whenever  change  has  been  found  in  this  class  of 
objects,  it  is  very  probable  that  it  is  due  to  the  proper  motion  of  one  or  the  other  of  the  components. 
In  the  other  class,  where  the  distances  are  less,  the  changes,  if  confirmed  by  later  observations,  may 
point  to  physical  systems,  though,  of  course,  the  orbital  movement  would  of  necessity  be  slow.  It 
seemed  very  desirable  that  these  stars,  among  the  oldest  known  so  far  as  the  literature  of  the  subject 
is  concerned,  and  observed  by  the  most  eminent  astronomers  who  have  ever  lived,  should  receive 
sufficient  attention  from  modern  observers  to  show  whether  or  not  in  this  long  interval  there  has  been 
any  relative  motion.  In  many  instances  the  measures  now  made  do  not  satisfactorily  determine  this, 
since  the  apparent  change  may  be  accounted  for  by  errors  in  the  single  observations  made  when  the 
pair  was  first  catalogued,  and  another  series  of  measures  at  some  later  time  may  be  necessary. 

It  will  be  seen  that  in  many  of  these  stars  there  are  great  apparent  changes,  and  it  is  practically 
certain,  after  making  all  due  allowance  for  the  early  observations,  that  many  of  these  changes  are  real. 
The  measures  of  Herschel  II.  consist  usually  of  a  single  reading  for  the  position-angle  and  an  estimate 
of  the  distance.  The  angles  are  generally  very  accurate,  so  far  as  one  can  judge  from  the  better-known 
class  of  stars  catalogued  by  him;  but  the  distances,  and  particularly  those  which  are  under  10",  would 
seem  to  be  very  frequently  underrated,  so  that  many  of  the  apparent  changes  in  this  respect  will 
probably  not  prove  to  be  real.  The  observations  were  all  made  seventy  or  eighty  years  ago,  and,  with 
few  exceptions,  these  pairs  have  been  entirely  neglected  since  that  time.  A  slow  movement  of  any 
kind  would  make  a  decided  change  in  the  relation  of  the  components  after  such  an  interval  of  time. 
Another  set  of  measures  twenty  or  thirty  years  hence  will  dispose  of  the  question  of  motion  and 
eliminate  many  of  these  objects  with  respect  to  any  further  attention. 

The  neglected  pairs  of  Herschel  I.  and  South  belong  largely  to  the  wider  classes,  and  therefore 
were  not  incorporated  by  Struve  in  Mcnsiirac  Micrometricae.  Some  of  the  pairs  of  the  first  observer 
have  not  been  observed  at  all  since  that  time,  the  interval  being  about  a  century  and  a  quarter.  The 
measures  of  South  were  made  about  1825,  and  the  objects  taken  from  his  catalogue  have  either  not 
been  measured  since  at  all,  or  the  later  measures  indicate  some  change. 

Another  class  of  stars  selected  for  measurement  has  been  taken  from  various  star  catalogues  where 
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the  star  was  noted  as  double  by  the  meridian  observer.  These  catalogues  include  Weisse,  Argelander, 
Harvard  Zones,  some  of  the  A.  G.  catalogues,  and  others.  These  pairs  have  not  been  previously 
measured.     Some  of  them  are  likely  to  prove  to  be  physical  pairs. 

Some  of  the  neglected  OS  stars  were  put  on  the  list,  but  ou  the  appearance  of  Hussey's  complete 
re-observation  of  all  the  Poulkowa  stars  {Publications  of  the  Lick  Observatory,  Vol.  V)  further 
measures  were  unnecessary,  and  this  part  of  the  work  was  discontinued.  The  wide  pairs  noted  by 
02.  which  correspond  to  similar  pairs  given  in  Appendices  I  and  II  to  the  Mensurae  Micrometricae, 
of  which  there  are  no  measures  since  the  observations  of  Dembowski,  some  twenty-five  years  ago, 
have  been  measured  to  ascertain  whether  or  not  there  has  been  any  change  since  that  time. 

A  further  class  of  pairs  has  been  taken  from  more  modern  works,  which  include  some  of  the 
pairs  recorded  by  the  several  observers  at  the  Cincinnati  and  Harvard  College  Observatories,  and 
others  still  more  recently  catalogued.  Many  of  these  were  given  only  approximate  places  and  a 
single  measure  for  the  relative  position.  In  all  cases  the  error  of  place  has  been  corrected,  and  the 
object  identified  in  the  D.  M.  or  some  other. star  catalogue.  In  a  few  instances  the  pair  could  not  l)e 
found  at  all  after  a  careful  search  in  the  vicinity  of  the  assigned  place. 

The  observing-list  of  stars  selected  in  this  way  would  obviously  be  a  long  one,  and  the  work  laid 
out  is  far  from  being  finished.  The  observations  which  follow,  amounting  to  about  fifteen  hundred 
measures,  include  only  the  pairs  which  have  been  measured  on  at  least  two  nights.  Those  which  hive 
been  measured  once  only  must  be  given  in  a  later  series.  A  large  number  of  pairs  are  still  to  be 
measured  for  the  first  time. 

The  method  of  making  the  measures  has  been  too  often  described  to  need  repeating  here,  since  it 
is  practically  the  same  with  all  observers  who  use  the  micrometer.  Double  distances  have,  of  course, 
been  taken,  and  a  sufficient  number  of  readings  made,  usually  three  to  five,  to  give  as  good  a  mean  as 
the  ol)ser\-er  can  attain.  From  a  large  number  of  transits,  and  measures  of  difference  of  declination 
of  well-determined  stars,  by  Professor  Barnard  and  myself,  the  value  of  DffiOfi  for  one  revolution  of 
the  micrometer  has  been  adopted. 

In  the  course  of  these  observations  a  few  new  pairs  have  been  picked  up,  which  are  giver,  at  the 
end  of  the  other  measures.  These  are  numbered  in  continuation  of  my  prior  lists  from  12*J1  to  1308 
inclusive.  The  reason  why  this  number  of  new  pairs  is  not  larger  will  be  readily  understood  when  it 
is  explained  that,  in  the  first  place,  the  finding  of  new  pairs  was  no  part  of  the  work  j)launed,  and  no 
time  was  spent  in  the  examination  of  adjacent  stars;  and,  in  the  second  place,  for  all  stars  smaller 
than  7.5  magnitude,  diagrams  were  carefully  platted  to  scale  from  the  D.  M.  catalogues,  showing  the 
place  of  the  pair  sought  and  all  the  other  stars  in  the  vicinity,  down  to  the  Argelander  limit,  within  a 
radius  of  about  one  degree.  This  preparation  was  essential  in  the  interest  of  saving  time  in  finding 
the  object,  and  for  the  purpose  of  properly  identifying  it.  Hence,  except  in  cases  where  the  given 
place  was  erroneous,  the  proper  star  could  be  placed  in  the  field  at  once  without  loss  of  time,  and  no 
attention  given  to  the  other  stars  in  the  neighborhood.  Willi  any  other  plan,  doubtless,  a  large 
numVK*r  of  new  pairs,  of  more  or  less  apparent  interest,  W(nild  iiave  been  found,  but  necessarily  it 
would  have  seriously  interfered  with  the  carrying  out  of  the  arranged  program,  which  would  require 
at  least  several  years  thoroughly  to  complete;  and  it  seemed  much  more  important  at  this  time  to 
correct  the  descriptions  and  places  of  the  stars  recorded  by  some  of  the  first  observers,  and  get  data 
for  learning  something  of  the  movement  of  these  long-neglected  pairs.  The  old  and  well-kn<nvn 
double-star  systems  are  in  no  danger  of  being  overlooked,  and  there  has  always  been  an  unnecessary 
duplication  of  the  measures  of  these  pairs. 

The  star-places  given  aie  tor  i»8U. 
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I.       MEASURES    OF    KNOWN    DOUBLE    STARS 


S3065re/.     S.D.(15°)3.     8.6. 

.  .8.7 

R.A.    =0"    1"'51^  ^ 

Decl.  =  -  14°  54'  ^ 

1901.796               289^2 

9^44 

.854               289.1 

9.55 

1901.82  289.1  9.49 

No  other  measures  of  this  pair. 

S  3064  yj.     l:l.  .  .  10.4 


R.A. 

=  0"    2-  10»  / 

Decl. 

=  +39'  26'  \ 

1901.722 

358?  1 

23^91 

.796 

356.4 

23.80 

1901.76 


357.2 


23.85 


The  ouly  other  measures  are  by  H,  351?1  :  20": 
(i830). 


P  Cassiopeiae.     2  .  . 

.  15 

R.A.   =0"   2"- 4.3' 

I 

Decl.  =  +58°  29' 

\ 

1900.684               204? 5 

22.'88 

.725               204.0 

22.44 

1900.70 


204.2 


22.66 


The  only  other  measiires  of  the  Clark  companion 
are  my  own  in  1889.  The  principal  star  has  a  proper 
motion  of  0'550  in  110?2.  This  movement,  with  the 
measiu'es  of  1889,  gives  the  position  of  the  small  star 
for  the  date  of  the  above  measm-es,  204?8  :  22 '28. 
It  is  therefore  certain  that  the  comisanion  is  fixed  in 
space. 

0.Arg.N.21.     8.8  ..  .  8.8 

R.A.   =0"   2"'51=  ^ 
Decl.  =  +!58'  58'  \ 

1901.818      145?1      23^44 
.835      144.6      23.26 


1901.82 


"  Duplex  "  in  O. Arg. 
stars  are  D.M.(58'')4  and  5 
143?6  :  2^592  (1873.7). 


144.8  23.35 

No  other  measures.    These 


The  A.G.  positions  give 


H  1001.     D.M.(43")7.    8.5  ...  9.1 


R.A.    =0"   2"  57' 
Decl.  =  +  44'     3' 

1901.722  77? 5 

.758  77.7 


1901.74 


77.6 


15. '80 
15.72 

15.76 


The  K.A.  in  H  is  1'"  too  large. 
13"  d=.     No  other  measures. 


He  gives  84?5 


H  1939.    8  ...  9.3 

R.A.    =0"   3'»41=  ) 

Decl.  =  +  10°  45'  \ 

1901.605                161? 2 

34-75 

.742                161.3 

35.09 

1901.67 


161.2 


34.92 


The   Decl.  in   H   is   5'   too  small.     By 
measure  in  1877  I  foimd  159?1  :  36-08. 


single 


S  3.     Andromedae  51 

R.A.    =  0"   3'"49»  ji 

Decl.  =  +  45°  43'  \ 

1901.722                 83? 4 

4. '87 

.758                 83.4 

4.79 

1901.74 


83.4 


4.83 


H  notes  another  small  star,  133?0  :  4 '57,  and  says: 
"Possibly  the  small  star  is  a  mere  illusion."  I  could 
not  see  anything  of  it  here,  or  attached  to  any  star 
in  the  \'iciuit}'.     No  change  in  the  S  components. 


S  6  />-:/.     D.M.(4"  )9.    8.9  . 

.  10.5 

R.A.    =  01-   4"   6'  ( 

Decl.  =  +    4=  13'  i 

1901.605               192? 8 

21  .'20 

.742               192.7 

21.02 

1901.67 


192.7 


21.11 


The  only  other  measi.u'es  are  by  the  Harvard  ob- 
servers, 193?2  :  22^56  (1869.92)  In. 


H  617.     D.M.(0°)9.    9.2 

R.A.    =  0"   5"-    4'  I 
Decl.  =  +    0°  36'  i 

1900.706  61?8 

0,744  59.2 

1,742  60.9 


12.7 


13^57 
13.39 
13.13 


1901.06 


H  gives  55° ± 
18m  at  4"  :  .320° 
other  companion 


60.6  13.36 

:  6"±  :  9  ...  14,  and  says  "a  third 
suspected."     I  could  not  see  any 
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H  618.     D.M.(-0=)17.    9.6  ..  .  9.6 


R„\.   =0"   7"  22' 
Decl.  =  -    0°  47' 

1901.742  249? 6 

.854  71.4 

1901.80  250.5 

No  other  measures  ;  250°  ±  :  2' 

H  1947.    7.3 

R.A.   =OnO»   3' 
Decl.  =  +42°  58' 

1901.818  75?6 

.835  75.1 


5^33 
5.16 

5.24 
(1820)  H. 


10.5 


75.3 


9.'14 
9.06 

9.10 


1901.82 

The  principal  star  (Radcliffe  44)  has  a  small  proper 
motion  {Mon.  Not,  LI,  398). 

1879.40        74?6        9^36        2n        OS 


W=  0.264. 


^.5  . . .  8.5 


R.A. 
Decl. 


1901. 8a5 

.854 


om-'iO' 

+  35»  10' 

107?0 
107.6 


5^34 
5.25 


5.29 


1901.84  107.3 

"Duplex  4'  distance"  in  Weisse.    The  only  meas- 
ure is : 

1879.61        106?4        5.'35        In        Cin 


H  1951.     S.D.(12°)44.    8.6  ..  .  12.0 

R.A.   =0''12"'41^  ) 
Decl.  =  -  11°  37'  t 


1901.796 

.854 


22^72 
23.03 


22.87 


1901.82  217.5 

The  only  complete  measure  preceding  this  is  : 
1877.95        216?6        24^09        In        B 


H  1953.     I  Ceti.    4  ...  12 

R.A.   ^OMS-'ig'  I 
Decl.  -  -    9'  .30'  5 

1900.666  17?0 

.668  17.1 

1900.66  17.0 

The  other  measures  are : 

1880.31        1.5°5        61.-96        2„ 


63^00 
62.75 


62.87 


The  principal  star  has  a  very  small  proper  motion, 
0'057  in  236?0. 

H(il7 
R.A.   =  CIS"  32') 
Decl.  =  -    0°  37'  \ 

Described  in  the  Harvard  observations,  sp  :  10"  : 
8  ...  12.  This  star  is  not  double,  and  no  such  pair 
found  in  the  vicinity  (1901.74). 


OS  10  n'j. 

L  .581.    6.3  . 

.8.9 

R.A. 

=  0''21"'16'  I 

Decl. 

=  +  15°  22'  \ 

1901.742 

237?6 

100.-55 

.854 

238.0 

100.96 

.873 

237.8 

100.97 

1901.82  237.8  100.83 

The  first  measure  of  this  distant  star  is  : 
1866.68        237?0        96^34        3n        J 

The  A.G.  proper  motion  of  the  principal  star  is 
0'092  in  286°2.  The  above  measures  give  0'133,  so 
that  the  first  is  too  small,  or  the  other  star  has  a 
movement  of  its  own. 

H  322.     12  Ceti.    6.5  ..  .  11.7 


R.A. 

=  0»23">55'  } 

Decl. 

=  -    4°  37'  \ 

1901.760 

189?  4 

9'70 

.815 

188.4 

9.. 52 

.818 

188.8 

9.40 

.8.35 

189.6 

9.53 

1901.81  189.0  9. .54 

The  only  measures  are  : 

1866.76        185? 2        8-66  3h        a 

1880.23        187.0        8.63  3/4        B 

The  projjcr  motion  of  A  is  practically  zero. 


R.A. 
Decl. 


VMO.IQO 


P  107 

=  0h24'"31  = 
=  +  62°  41' 

\  and  B 
3.54?  9 
353.2 


5^71 
5.69 


1900.71 

354.0 

AandC 

6.70 

19()().7(«; 

.3.36?  7 

46^94 

.725 

.336.7 

46.62 

IIKK).-! 


.336.7 


46.78 


S.    W.    BUKNH.'iM 


1900.706 
.725 


A  and  D 
146?  5 
146.6 


50^28 
50.36 


1900.71 

146.6 
AandE 

50.32 

1900.706 

170?9 

113^59 

.725 

170.8 
170.9 

113.51 

1900.71 

113.55 

A  and  F 

1900.706 

114?1 

150:50 

.725 

113.7 

150.48 

1900.71 


1900.725 


113.9 
E  and  e 
139?  1 


8^61 


150.49 


16»i 


(See  Popular  Astronomy  for  December,  1900.) 


H  1982.     52  Piscium. 

R.A.    =0''26'"18  = 
Decl.  =  +  19°  38' 

1900.684      804? 2 
.687      304.1 


6  ...  12 


1900.68                 304.2  41.18 
The  only  measures  are  : 

1830  +        309?  6        25 '±  In 

1879.99        305.7        38.30  3» 

The  distance  would  seem  to  he  increasin 
proper  motion  is  very  small,  0'012  in  109?3. 


H 


The 


H  1038.     10.7 


10.8 


R.A. 

=  0"29'"19-  ; 
=  +63°     4'  i 

Decl. 

1901.722 

111?0 

3. -77 

.818 

109.3 

3.81 

1901.77 


110.1 


8.79 


The  only  position  is  by  H,  97?0  :  U"  (1828);  "in 
contact  with  160;  just  separated  with  240."  I  looked 
this  up  in  1876  with  the  6-inch,  and  estimated  the 
distance  as  fully  2  .    Not  in  D.M. 


H  1040.    10.9  .  .  .  11.2 

R.A.    =0».31'"37^  ) 
Decl.  =  +  &5°     7  ■  f 

1901.722               355? 4 
.796               353.3 

4^88 
5.18 

1901.76  354.3 

H  gives  356°4  :  2"  ±  (1830). 


5.03 


H  3380. 
R.A.    =0''a3'"35*  [ 
Decl.  =  -17°  23'  \ 

H  gives  96?2  :  30"  ±  :  7*  ...  13  (1836.78).  There 
is  no  bright  star  in  this  place,  and  I  could  not  find 
any  such  pair  in  the  vicinity.  It  may  be  identical 
mth  H  2067,  which  is  l""  more  R.A.  The  descrip- 
tions agree. 


D.M.  (—0)75.    7.6  . 

R.A.    =0''31"'56' 
Decl. 


.  11.5 


1901.703 

.873 


1901.79 


-    1°  10 

307  ?1 
306.5 


306.8  80.48 

This  was  measuretl  for  2  53  rej.  No  other  obser- 
vations. The  principal  star  is  6.8m  in  D.M.,  and  has 
a  proper  motion  of  0^087  in  253?4. 

S  53  rej.     8.0  ..  .  8.7 


R.A. 
Decl. 

=  0"37-"18^  I 
=  -    V  32'  \ 

1901.735 

.854 

338?9 
338.3 

27^79 
27.61 

1901.76  ass. 6 

The  earliest  measiu'es  are  : 
1891.81        334?6        26^47 


27.70 


3»        Engelhardt 


This  star  has  a  considerable  proper  motion  ;  0'415 
in  216?6  (Porter);  0:301  in  228?4  (Nico.  A.G.).  The 
smaller  star  is  probably  not  moving  with  the  other. 


H  1051.    11  .  .  .  13.2 

R.A.    =0"38"11>  ( 

Decl.  =  +  24'     3-  \ 

1900.706               221?0 

6^52 

.780               221.2 

6.88 

1900.74 


221.1 


6.70 


The  distance  seems  to  be  greatly  overestimated 
by  H,  as  in  nearly  every  instance  of  this  kind.  He 
gives  275?0  :  li"  :  10  .  .  .  14  (1828).    It  is  near  D.M. 

(23')98. 


62 

J.     D.M.(30M110.    8.5  . 

.  11  ...  12 

R.A.    =0''.39"'    7' 

Decl.  =  +  31=     1" 

A  and  B 

19( 

)1.703                345?  9 

32.-16 

.758               346.4 

32.46 

1901.73 


346.1 


32.31 


Measures  of  Double  Stars 


1901.703 

.758 


BandC 

105?  8 
107.1 


10.35 


1901.73 

H  gives  330  ±  : 20'±  :  9  .  .  .  14;  " large  star,  very 
.ed."  The  third  star  was  not  seen  by  him.  A  is 
oulv  vellowish  at  most. 


H  1054.     D.M.(59')125.    8.2  ..  .  10.5 

R.A.  =0M2»31»  ( 
Decl.  =  +  60°    6'  \ 

1901.796  182? 5 

.799  181.6 


8^75 
8.58 


1901.80  182.0 

H  gives  176?0  :  5"^  :  9  .  .  .  13  (1828). 


8.66 


Hd  35.    S.D.(2°)110.    8.7  ..  .  9.3 


R.A. 

=  0M2"'28'  ) 

Decl. 

=  -    2°  25'  i 

1901.835 

37?  1 

6^86 

.873 

37.0 

6.99 

1901.85  37.0  6.92 

From  the  Harvard  list.    The  ouly  measure  is  ; 
1867.89        37?4        7 '04        In        Hd 


Decl. 


Hd36 

=  0''43°' 
=  -21° 


10  > 

48' 


This  is  in  the  Harvard  list  as  O.Arg.S.439,  with 
the  correct  place  as  given  above.  The  description  is 
16?6  :  21'  :  7  .  . .  (1868.82).  This  star  is  not  a  double 
of  any  kind,  nor  is  there  any  pair  as  descritel  in  the 
vicinity.  The  nearest  pair  is  /3,301,  but  this  does  not 
correspond  in  any  respect  to  measures  or  magni- 
tude. 


OS  CApp)  9.    8  . . 

8.2 

R.A. 

=:0''4.3'"21' 

/ 

Decl. 

=  +29°  48' 

( 

1901 

.7a3 

2.36?8 

%.' 

72 

.799 

236.5 

96.10 

1901.75 


236.6 


96.41 


The  principal  star  has  a  proper  motion  of  0'263 
in  100?3  from  meridian  iX)sitions.  The  measures  of 
J  in  1875  compared  with  the  foregoing  give  0'217  in 


92?1.    There  is  a  12m  star  nearly  midway,  from  A 
252?  7  and  from  B  42?5. 


H  628.    7.7  ..  .  11.5 

R.A.    =0>'45">25V 
Decl.  =  +33°  14' 

1901.703                 68? 5 

42  .'73 

.796                 68.8 

42.51 

.799                 69.0 

42.53 

1901.76 

H  gives  65°±  -.35"^  :  7  . 
The  principal  star  is  not  red 


68.8.  42.59 

16  ;  "  large  star  re 
yellowish  at  most. 


Weisse 

R.A.    ^0*'45"'5G'  I 
Decl.  =  +  25"     8'  i 

"  Duplex "  in  Weisse.  Not  double  except  as  a 
wde  pair  in  the  finder.  There  are  three  observations 
in  Weisse  differing  slightly  in  place. 


O.Arg.N.901.    8.5  . 

R.A.    =0'^50">    3  = 
Decl.  =  +59°  41' 

1901.796  201? 9 

.799  202.8 


.8.9 


1901.79 


202.3 


20^82 
20.64 


20.73 


"Duplex"  in  O.Arg.  The  only  measiu-es  are  203?2 : 
21 '24  (1892.77)  E.spin.  The  components  are  D.M. 
(.59^)150  and  149. 


|i  Andromedae.    4  .  .  .  13.5 

R.A.   =0'i50"'    6'  ( 
Decl.  =  +37°  .51'  \ 

A;in(lC(=H1057) 


13.2 


1901.799 

122?  2 

36  .'87 

.818 

122.3 
122.2 

36.87 

1901.80 

36.87 

AandB 

1901.818 

310?  8 

39r82 

.835 

311.4 

39.56 

1901.82 


311.1 


39.69 


The  large  star  has  a  proper  motion  of  0'173  in 
73?2. 

1878.67         110?  9        38  .'.37        Hn        P 
1878.67        314.4        37.27        .3»        P 


S.     W.    BUENHAXI 


Winnecke.    D.M.(8'')137.    9  ...  9.2 


R.A. 

=  0''51'°'i6=  ) 

Deol. 

=  +   8'  38'  i 

1901.703 

128?3 

5^40 

.760 

130.1 

5.41 

1901.73  129.2  5.40 

Ilie  only  other  measures  are  : 

1863.86        130?2        5 '32        2n        Wn 


H2026.    D.M.(4°)204.    8.6. 

.  .11 

R.A.   =  Ih  5-"  42=  I 

Decl.  =  +    i'  lij-  \ 

1900.706               306? 6 

lO'll 

.742               306.0 

10.34 

.782               305.6 

10.33 

1900.74  306.1  10.26 

H  gives  303^3  :  10' ±  :  10  ...  15  (1830).  The 
principal  star  has  a  considerable  proper  motion, 
0r214  in  215n  (Porter)  and  0'28  in  230°8  (Boss). 
This  would  seem  to  be  common  to  both  stars. 


S  103.     S.D.(2')192.    8.4  . 

9.7 

R.A.   =1''10"'33'  I 

Decl.  =  -    2=  10'  \ 

1901.703               246? 5 

5. "49 

.796               246.7 

5.34 

246.6 


5.41 


1901.75 

No  recent   measures,   but    probably   imchanged. 
Some  uncertainty  in  place  heretofore. 


H  5453.     D.M.( 

— 1°)167. 

8.3 

..9.9 

R.A.   = 

l'-12°'29  = 

/ 

Decl.  = 

-    1°  29' 

i 

1901 

703 

208?3 

27  .'56 

.796 

208.5 

27.35 

1901.75 


208.4 


27.45 


The  positions  are  estimated  by  H,  210'  :  30". 
Engelhardt  gives  209^5  :  27 '95  (1891.81)  2n.  The 
principal  star  has  a  proper  motion  of  0'499  in  121  ?4, 
and  the  small  star  seems  to  be  mo\'iug  with  it. 


Barnard.    D.M.(3  )184.    8.5  .  .  .  11 
R.A.   =1''12'"  W  f 


H  1079.    44  Ceti.    6 


10.5 


R.A.    =1"18'' 
Decl.  =  -    8' 


0'/ 


1900.725 
.744 


298?  9 
298.5 


1900.73  298.7 

The  only  observations  are  : 
300? 5        60- ±        1828 
299.6        76.40        1877.86 


80f37 
80.37 

80.37 


In 
In 


The  principal  star  has  a  proper  motion  of  0'134  in 
115?4,  which  accounts  for  the  change  in  distance. 


H  638.     11.2 


11.5 


R.A. 

=  m9"'   5'  1 

Decl. 

=  -    i    47'  \ 

1901.760 

271?8 

9:52 

.876 

271.3 

9.30 

1901.82 


271.5 


9.41 


Decl. 


1900.742 


12?0 


1-45 


Discovered  by  Barnard.     No  change   since   his 
measui'es  of  1894. 


In  the  field  nf  S.D.(4°)203.    The  only  observation 
is  by  H,  273?0  :  2"-3"  (1820). 


H  640.     S.D.(4°)230.    9.5  ...  9.5 


R.A.    =  1>'27" 
Decl.  =  -    4' 


1901.760 
.876 

1901.81 
No  other  measures. 


290?  1 
291.3 

290.7 


5. '33 
5.29 

5.31 


T  Andromedac.     5  .  .  .  10.2 

R.A.    =  1>'.3.3".'50»  I 
Decl.  =  +  .39=  58'  S 

1900.684  329?  0  52  .'53 

.706  329.1  52.73 


1900.69 


329.0 


52.63 


The  only  other  observations  are  328?4  :  52 '35 
(1880.68)  2n  /3.  The  proper  motion  of  this  star  is 
small,  0^019  in  37?4. 


H  2067.  L  30.56.  7.2  .  . 
R.A.  =  l''33">33=  / 
Decl.  =  -  18^  24'  \ 

1901.760  91? 3 

.876  91.9 


1901.81 


91.6 


11.1. 


34 '07 
33.66 

33.86 


10 


Measures  of  Double  Stars 


Probably  without  change.  The  distance  in  H  of 
5'  may  1x3  a  misprint  for  25'.  In  my  measure  of 
1878  the  distance  is  printc<l  23 '90  instead  of  33.90. 
The  measiu-es  of  Wilson  (Qn'")  belong  to  H  3155, 
which  is  Im  /  this  pan-. 


H  1088.     L  3(>tt.    7.0  .  . 

.9.5 

R.A.   =l''ai°'20' 
Decl.  =  +58°     !■ 

1900.780               168? 0 
1901.796               167.2 

19-52 
19.11 

1901.79  167.6 

H  gives  164?5  :  15"  di  (1828). 

H  3455.    9.1  ..  .  9.2 


19.16 


R.A. 

=  li-.^T-'-Sl'  / 

Decl. 

=  -  18°  13'  ( 

1901.760 

71?  5 

23^56 

.876 

73.6 

23.73 

1901.81 


71.0 


23.61 


The  components  are  S.D.(18'')291  and  292.    The 
only  measures  are : 

1882.70        73?2        23.'90        1h        Wilson 


S  168.    8.5  ..  .  10 

R.A.    =l"43-°   e^'  ) 
Decl.  =  +66°     9'  i 

1900.725      221? 2 
1901.796      222.6 


1.'73 

1.87 


1901.76 


223.1 


1.80 

No  measures  since  J  in  1867.  No  evidence  of 
change.  H  could  not  see  it,  and  I  failed  with  the 
6-inch  1871. 


Hd  54.     D.M.(r)335.    8.6  .  . 

R.A.   =  l''44"'26» 
Decl.  =  +    1°  55' 

A  and  B 

1900.706  117?1 

.712  116.7 


11.2...  11. 2 


1^48 
1.18 


1900.72 

116.9 

1.33 

A  and  C 

VMO 

706 

211?8 

15. '67 

712 

211.1 

15.12 

1900.72 


211.4 


15.54 


The  only  other  measure.s  are  by  the  Harvard 
observers  on  one  night  in  1867.  They  give  for  AC, 
213?4  :  14r26  (1867.96;. 


S  188  rej.     8.8  .  . 

R.A.    =1''50"'47  = 
Decl.  =  -1-62'  20' 

1901.722  238? 1 

.796  238.1 


9.1 


1901.76       238.1      32.58 

H    describes    the    components   "  ver}'   red :    fine 
green."    The  colors  are  less  prominent. 


H  1100.    B.A.C.  588.     6.3. 

.  .  10.6 

R.A. 

=  li'50">47^  I 
=  +64^     3'  f 

Decl. 

1901.722 

310?  1 

38^81 

.796 

310.1 

38.83 

1901.76 

310.2 

38.82 

H 

gives  310?4  :  30 

±.     His  declination  is 

error. 

H  3476. 

L  3731.    6.2  .  . 

.9.8 

R.A. 

=  l"54">29s  ) 

Decl. 

=  -    9'     G'  \ 

1900.706 

193?  0 

62^05 

.725 

193.6 

61.08 

.712 

192.5 

61.77 

193.0 


61.63 


1900.72 

H  gives  183?7  :  60"  dz.     His  dechuatioii  is  1  .s  of 
the  real  place.     The  principal  star  is  5.8m  in  S.D. 

H647.    D.M.(6  )319.    8.8  .  .  .  9.3 


R.A. 

=  li>56™16=  / 

Decl. 

=  +    7°     6'  ( 

iy(X).706 

35?  6 

26  .'71 

.712 

31.3 

26.13 

.782 

35.1 

26.60 

1900.71 


35.0 


26.58 


Positions  estimated  by  H  ;  "  large  star  deep  blocxi 
red  —  a  very  intense  and  remarkable  color;  small  star 
green."    The  colors  are  very  marked. 


S  207.     D.M.(16°)233.    9 

R.A.    =  1"56"'45»  |i 
Decl.  =  +  17°     4'  \" 

1901.873  186? 7 

.876  185.0 


1901.87 


185.  S 


10 


1KK8 
11.96 

11.92 


No  recent  measures,  but  uilliout  change. 


10 


S.    W.    BURNHAM 


11 


H  2104.     D.M.(52°)500,  501.    8.7  ..  .  8.8 


R.A. 

^li-ST""    9=  ) 

Decl. 

=  +  52°  27'  \ 

1901.722 

167?  2 

30:27 

.758 

317.0 

30.12 

1901.74 


167.1 


30.19 


Both  R.A.  and  Decl.  enoneous  in  H.     He  gives 
166?4:25"±.     Identified  as  above. 


9  V.  102.     61  Cffi.    6 


R.A. 

=  l''57"'.'?9'^  ( 

Decl. 

=  -    0"  55'  i| 

1900.706 

193?  7 

43^07 

.725 

194.2 

43.11 

1900.71 


194.0 


43.09 


H  in  1873  made  two  measures  of  the  distance, 
34 '50  and  37 '88.  The  only  other  measures  are  my 
own,  193°3  :  42'71  (1877.86).  Bossert  gives  the  proper 
motion  0^144  in  123?7. 


S  211  nj. 


R.A. 

Decl. 


V 


H  could  not  find  any  pair  in  or  near  this  place 
S  gave  this  as  Class  IV,  8  ...  11.  There  is  no  star 
in  the  assumed  place.  There  is  a  7im  star  about 
15  s  with  a  distant  9im  star  in  the  field,  which  may 
be  the  one  in  question. 


213.     D.M.(50  )459.    8.4.. 

.8.6 

.  .  .11 

R.A. 

=  -2^    1"'17' 

Decl. 

=  +.50    .30' 
A  and  B 

1900.782 

320°  6 

1'96 

1901.722 

323.6 
321.8 

1.81 

1901.25 

1.88 

A  and  C 

1900.782 

62?  8 

7. '19 

1901.722 

59.7 

6.88 

1901.25 

61.2 

7.03 

No  recent   measures  ;   no  sensible  change.     The 
third  star  has  not  been  seen  before. 


S  219.  8.2  ..  .  8.7 
R.A.  =  2h  .S-"!!'  ) 
Decl.  =  +  .32'  48'  \ 

1900.742  183? 6 

1901.586  183.9 

.818  182.3 


1901.. 38 


183.3 


11.54 


No  recent  measures  ;  apparently  fixed. 


S  226.    8.4  ..  .  10.2 


R.A. 

=  2''   5'"  27^  ( 

Decl. 

=  +  2.3"  24'  \ 

1900.706 

249?  5 

2^40 

.742 

246.2 

2.13 

1901.818 

241.8 

2.13 

.835 

244.8 

1.95 

1901.27 


245.6 


2.15 


No  measures  since  A  ;  little  if  any  change.  The 
Berlin  A.G.  gives  the  proper  motion  of  A,  0'187  in 
126?0,  and  the  small  star  is  therefore  moving  with  it. 


H  1115.     10  Triangiili.    6 

2'' 11  "■.59'=  ) 
:  +  28'     5'  i 

1900.742  206?2 

.744  204.5 


R.A. 
Decl. 


12 


57.09 


1900.74  205.3 

H  gives  206?8:50±',  and  calls  the  small 
18m.     No  other  measures. 


^tar 


S  247  rej.    D.M.(3°)320.    9.0 

R.A.    =  2"  12"'    7^  I 
Decl.  =  +    3     .37'  \ 

1901.703  211?3 

.876  212.1 


9.0 


7^61 

7.48 

1901.79  211.7  7.54 

The  only  measure  is  : 

1879.66        .32?  2        7-39        In        Ciu 

H2134 

R.A.    =  2''16'"    0'  ; 
Decl.  =  -  11°  10'  i 

Described  by  H,  265?2  :  9"±  :  9  .  .  .  10.11.  There 
is  no  pair  of  this  description  in  or  near  this  place. 
It  is  certainly  identical  with  H  2140,  which  is  about 
5m/. 


11 


12 


Measures  of  Double  Stars 


H  649.    12.5  ...  13 

R.A.   =2"  17"   4>) 

Decl.  =  +    9°     4'  { 

1901.799               127?5 

9riO 

H  has  120  =  :  Ih' =  :  15  .  .  .  16. 

H2140.     S.D.(ir>±59.    8.5 

..10 

R.A.    =2"  19"  59^  ) 

Decl.  =  -  11°  10'  \ 

1901.703               263? 4 

10.'70 

.712               263.1 

10.51 

1901.72  263.2  10.60 

In  H,  "E.A.  conjectural."  Identified  as  above. 
Identical  ^\-ith  H  2i:iM,  for  which  H  gives  265?2  : 
9'i  :  9  .  .  .  10-11.  The  K.A.  of  that  star  is  also  in 
error. 

OS  (App)  27.    7.5  ..  .  8.5 


R.A.    =  2''20'»19=  ) 
Decl.  =  +  10°     2'  \ 


1900.706 
.725 


1900.71 


31?  8 
31.9 

31.8 


73.73 


The  onlj'  other  measures  are  b)-  J,  31?2  :  73'96 
(1875.42). 

Hd  Zones 

R.A.    =  2'- 29"'   0-^  ) 
Decl.  =  +    0    37'  i 

In  the  Harvard  Zones  an  8m  star  noted  as 
"double."  The  place  is  that  of  the  9m  star  D.M.(0  ) 
431,  but  this  is  not  a  double  of  any  kind.  2  274  is 
4""  2>,  and  possibly  the  note  has  reference  to  that  pair. 


O.Arg.N. 

2946 

R.A. 

=  2'>29 

"29' 

Decl. 

=  +49 

44' 

"  Duplex"  in  O.Arg.    Not  doulile  ;  there  is  a  10m 
star  alxjut  .53'  distant.     I  failed  to  find  it  in  1875. 


H  3518.    O.Arg.S.  1715.    8.0  .  .  .  10.5 


10.6 


R.A. 

=  2''.33°'38>  1 

Decl. 

=  -28'  41'  \ 
.\  and  B 

1900.742 

15?  2 

13r29 

1901.760 

15.5 

13.87 

1901.25 


15.:i 


13.58 


A  and  C 

1900.742 

242?  8 

14r26 

1901.760 

243.4 
243.1 

14.12 

1901.25 

14.19 

H  gives  19?6  :  10" : 

fc  and  299°  ± 

12"  ±. 

O.Arg.N 

3145.    8.4  .  . 

.8.4 

R.A. 

=  2''38"'46'  ) 

Decl. 

=  +  49°  3T  \ 

1901.589 

143?0 

3^08 

.758 

146.5 

3.08 

1901.67 


144.7 


3.08 


"Duplex"  in  O.Arg.N.  It  is  Hussey  204.  He 
gives  143?4  :  3-17  (1900.87)  3».  No  other  measures. 
There  is  a  closer  pair  a  little  following  which  I  noted 
many  years  ago,  and  in  this  connection  measiu'ed  it ; 
155°5  :  1  .'42  (1901.67)  2//.  This  is  Hussey  205.  It  is 
57*  /  the  otbsr  pair,  and  3's. 


T  Persei 


R.A. 

=  2>'45™45»  ) 

Decl. 

=  +  52°  16'  \ 
A  and  B 

1900.684 

106?  3 

50r.50 

.087 

106.7 

51.30 

.725 

107.2 

51.09 

.742 

106.3 
106.6 

50.52 

1900.71 

50.85 

B  andC 

ig(X).742 

81?7 

4. '58 

The  faint  star  B  12m  was  first  noted  by  Edgecomb, 
and  in  measuring  that  with  the  18.1-inch  the  13ni  star 
C  was  added.  My  measures  of  AB  are  106?4  :  50 '67 
(1878.40)  2n.  There  is  a  14m  star  fi-om  A  337?3  : 
42^46(1900.74)  In. 


S  324  /•«;/.     D.M.(46')658. 

R.A.   =2M8"'27' 
Decl.  =  +  46'  41 ' 

1900.087  203?4 

.725  203.2 

.782  203.5 


1900.73 


203.4 


12.2 


24f94 
25.10 
24.81 

24.95 


H  gives  191  ?4  :  12"  ±  for  AB,  and  ;M2?4  :  8"±  for 
AC.  I  could  .see  only  the  star  measured,  which  is  B 
of  II.    This  was  rejected  by  S  as  a  close  pair. 
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R.A. 

=  2'' 52""  30' 

Decl. 

=  -  29°  28' 

A  and  B 

1901.876 

261?2 

A  and  C 

1901.876 

69?  5 

H  3543.     Cord.D.M.(29")1096.     10  .  .  .  10.3  ...  12 


9^89 


14f.39 

No  measures  ;  clescriljed  in  H,  "Triple  ;  CI.  I  and 
II." 


S  334 

R.A.    =2i>5.3™    1' 
Decl.  =  +    6°  10' 

1900.666  316? 2 

.668  317.6 


1900.67 


316.9 


ir45 
1.36 

1.40 


H  2170.     y  Perse i. 

.  .  11.2 

R.A.    =2i'56"'    6=^  } 

Decl.  =  +53"     2'  f 

1900.684               324? 7 

57^56 

.725                325.0 

57.43 

.782               324.9 

57.32 

1900.73 


824.9 


57.44 


H  gave  the  angle  224?9,  probably  an  error  of  100° 
The  only  measures  are  323°7  :  57-72  (1879.55)  2ii  ^ 


O.Arg.N.  3418.    9.0  . 

.9.0 

R.A.    =  2  "57 '".34^ 

Decl.  =  +52'  .35' 

1901.835                 90? 1 

4^09 

.854                 90.0 

4.19 

1901.84  90.1  4.14 

'  Duplex  "  in  O.Arg.     The  only  measiu-es  are  : 

1900.06        90?2        4^50        2n        Espin 


S  353  rej.     D.M.(17  )494.    9.6  ..  .  11.0 

R.A.    =3i>  0"'47'^  I 
Decl.  =  +  17°  25'  \ 

1901.720  59? 2  10^70 

.799  58.0  10.63 


1901.76 


58.6 


10.66 


No  other  observations  except  angle  of  56?4  by  H. 


9  V.  117  =  S  359  rej. 

R.A.    =3"   4-"  17  = 
Decl.  =  +21°  58' 

1900.725  320? 5 

.744  320.2 


7.5 


1900.73 


320.3 


8.5 


33f39 
32.59 


32.99 


The  only  other  measm'es  are  by  H  ;  317?5  :  34 '80 
(1783.65)  \n.  The  principal  star  is  D.M.(21  )418. 
There  is  a  nearer  companion,  13m,  267  ?0  :  14 '69 
(1900.72)  hi. 


H  3557.     L  6037.    8  .  .  .  10.9 


R.A. 

=  3"  g-"  12'  / 

Dwl 

=  -  14°  53'  \ 

1900.706 

2?  4 

27^13 

.742 

2.2 

26.77 

1900.72 


2.3 


26.95 


There  is  an  error  of  1"  in  the  Decl.  of  H. 
only  observations  are  : 

1835.90        9?  9        20' ±  In        H 

1880.27        5.3        27.13  .3w.        ^ 


S  371 

R.A.    =  3'>10"'23' 
Decl.  =  +46°  .35' 

1900.687  81? 7 

.782  82.8 

1901.589  81.1 


The 


81.9 


3^56 
3.14 
3.51 

3.40 


1900.76 

From  the  measures  of  J  the  angle  appeared  to  be 
increasing. 

1831.20        74?  7        3^35        .3«        2 
1867.45        81.7        3.32        3(i        J 

It  would  now  appear  that  S's  angle  was  too  small, 
and  that  the  stars  are  really  fixed. 


H  3570. 


R.A. 

=  3"  16-] 

Decl. 

=  -  20°  4 

1900.706 

256?  1 

.742 

256.0 

12 

18'/ 

45'  \ 


256.0 


33^89 
34.21 

34.05 


1900.72 

No  measures  in  H  ;  described  as  "  triple  or  quad- 
ruple." No  nearer  companion  than  that  measured, 
but  other  small  stars  in  the  field  more  distant. 
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Measures  of  Dotble  Stars 


H  2187.    S.D.(11°)652.    8  .  .  .  10.7 


RA.   =3''17"'32' 
Decl.  =  -  11°  47' 


1901.703 
.742 

1901.72 


240.4 


56^04 
56.00 

56.02 


In  one  observation  H  gives  for  the  angle  239?5 
(1830),  and  later  325'?3  (1835.9).  There  is  probably 
an  error  of  90'  in  the  last.  This  pair  appears  to  be 
2  387  rej.  Hussey  20  is  about  1'"  40=  j),  which  was 
measured  once,  235?4  :  0'24  (1901.74). 


Nova  Persei 

R.A.   =3" 23°'   8»  I 
Decl.  =  +  43    30'  \ 

Two  of  the  small  stars  in  the  field  were  measui'ed, 
and  then  the  work  discontinued,  as  it  appeared  that 
Aitkin  had  carefullv  measured  them  all. 


1901 . 167 

63?4 

158^44 

.529 

63.0 
63.2 

158.41 

1901.35 

158.42 

1901.167 

116°7 

102.-38 

.529 

116.4 

101.95 

1901.35 


116.5 


9  IV.  89.    L  6436.    8.1 

R.A.    =3''23"'.T)^  ) 
Decl.  =  +  19'  41'  S 

1901.742  147n 

.796  146.9 


1901.77 


147.0 


102.16 


9.5 


20  .'.35 
20.27 

20.31 


Porter  gives  the  proper   motion  of  A,  0.'203  in 
108°0.   The  components  seem  to  l)e  moving  together. 


1783.73        152?0        20.'05 

In        H 

1879.66         147.3        20.40 

]}>         ('ill 

2  417  n-j.    S.D.(3°)572. 

8. 

>  .  .  .  9.6 

R.A.   =3'>27°'27' 

i 

Decl.  =  -    2°  .57' 

1901.703               179?5 

25^78 

.742               179.8 

25.78 

1901.72 


179.6 


25.78 


The  only  other  position  is  178?3  :  25"  i  (1830)  H. 


S  416  rej.     D.M.(19°)556. 

R.A.    =3i>28'"    2^ 
Decl.  =  +  19°  24' 


1901 . 720 
.742 

1901 . 73 


56?  6 
56.5 

56.5 


8.8  ..  .  9.7 


26.42 


The  principal  star  is  catalogued  as  red.     There  is 
a  11.5m  star,  292°9  :  22'61,  previously  noted  by  Espin. 


S  457.     D.M.(22°)576 


R.A.    =3"  43"' 15^ 
Deel.  =  +  22°  19' 

A  and  B 

1901.815 

.818 

99°  5 
102.0 

100.7 

iri4 
1.19 

1901.81 

1.16 

A  and  C  =  12.6m 

1901.815 
.818 

340?  5 
337.1 

18. '15 
18.24 

1901.81 


338.8 


18.20 


This  was  observed  for  the  distant  star  which  has 
not  been  measure<i  before.  2  mentions  it  as  347°  :  32'. 
There  is  no  change  in  the  close  pair. 


H  666.     L  7069.    6.5  ..  .  12.7 


R.A.    = 
Decl.  = 

3"  43'"  15- 
+   9=     3' 

\ 

1900.684 
.687 

19?2 
18.3 

18.7 

30^72 
30.85 

1900.68 

30.78 

No 

-18. 

other 

measures 

H  gives 

25° 

±  :25'' 

H  667. 

10.5  .  .  .  12.7 

R.A.   = 

Del.  = 

.■5 1,44,,,  15. 

-  0   a.r 

1 

1901 

703 
758 

89?  7 
91.1 

12:64 
12.38 

1901.73 


90.4 


12.52 


H  gives  90°  ±  :4"-5 
with  magnitudes  9,  12, 
third  star.     Not  in  S.D. 


AB,  and   my  t  :  15'  AC, 
md   is.     I  (lid   not  see  the 
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H668.     D.M.(-0")608.    8.5 

R.A.    =3" 44""  44=  ) 
Decl.  =  -    0'  32'  I 


1901.703 

.758 


299?  0 
298.1 


.  10.5 


21.-67 
21.23 


1901.73                 298.5 

21.50 

Only  H,  315'-  :  18" zh  :  8  .  .  .  12. 

H  3601.     Cord.D.M.(23°)1600. 

7.2  ..  .  9.5 

R.A.   =3'' 46  "-SI'  ) 
Decl.  =  -23'  18    i 

1901.760               300? 4 
.796               299.6 

10^62 
10.54 

1901.78  300.0  10.58 

H  found  303?5  :  15'=  :  8J  .  .  .  10.  Xo.  33  of  the 
Lowell  Catalogue  could  not  be  found  by  Cogshall. 
It  is  evidently  identical  wth  H  3601,  See  having  an 
error  of  1  °  in  his  Decl.  His  measures  were  299?2  : 
10.'73:7  .  .  .  10.8(1897.721 


2  462. 


.6  ...  10 


R.A. 

=  3'' 46"  42^  ( 

Decl. 

=  +  52°     1'  S 

1901 . 720 

317?7 

8^20 

.742 

320.7 

8.03 

1901.73  319.2  8.11 

No  recent  measures,  but  unchanged.  Not  iu  D.M., 
but  near  D.M.(51°)804. 


43  Perse/.     S  440  =  ?  Y.  41 

R.A.    r=  3'>47"'41''  |) 
Decl.  =  +  50 '  21    \ 

1901.720  30? 4 

.742  29.9 

.758  30.1 


75^47 
75.27 
75.36 


1901.74  30.1  75.37, 

The  principal  star  has  a  proper  motion  of  0'155 
in  147  '6,  which  also  belongs  to  the  9.5  companion. 

1863.07        29?  7        75-' 15        hi        OS 
1888.19        30.0        75.34        2/i         Engelhardt 

There  is  a  12.5m  star  nearer  than  this  iu  279  . 

OS  iAp2i)  41.    1  ...  8.5 

R.A.   =3''48"'    6"  I 
Decl.  =  +    4°  49    \ 

1900.684  357?0  58.'72 

.687  357.3  59.37 


1901.854 
1901.07 


58.96 
59.02 


The  only  measures  are  by  J  in  1875.     There  is  na 
change. 

H  3608.     y  Eridani.    3J  .  .  .  13.2 


R.A.    =3'>52"'24«  [ 
Decl.  =  -  13°  51'  \ 


1900.706 
.742 

1900.72 


241?  7 
241.5 

241.6 


52:68 
52.80 


52.74 


The  only  other  complete  measures  are  my  own, 
238?4  :  51  .'93  (1877.88)  2».  The  change  in  angle  is 
due  to  the  proper  motion  of  A,  0^114  in  158?3. 


^N.  93 

R.A.    =3"57"±         ) 
Decl.  =  +  23°     6'±  S 

No  measures  in  5  !  given  as  Class  II ;  "  place 
extremely  precarious."  The  place  agrees  with  D.M. 
(22°)626,  but  that  is  not  double,  and  has  no  faint  star 
near  it.  The  pair  in  question  is  probably  identical 
with  2  479. 


H  2220. 

D.M.(56°)88o.    8  . 

.  .  11.5 

R.A. 
Decl. 

=  3''59">49»  ) 
=  -f  56°     7'  \ 

1900.744 
.763 

296?6 
296.5 

296.5 

25^63 
25.97 

1900.75 

25.80 

gives  296?4 

14" 

±  :  9  ...  14  (1830). 

2  492  rej.     6.6  ...  10 

R.A.    =4"   0"'    6'  j 
Decl.  =  +41°  10'  i 


A  and  B 


1900.687 
.744 


1900.71 


1900.687 
.744 

1900.71 


135.7 


10 


94^47 
94.31 

94.39 


5 '47 
5.74 

5.60 


In  2  Classes  I  and  VI.    No  other  measures. 
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Me.^sires  of  Double  St.\rs 


Hd66.     S.D.(16°)783.    9.6. 

..9.6 

RA.   =4"  1"'32^) 
Decl.  =  -  16°  10'  \ 

1901.760                 83? 8 
.796                 83.1 

17^73 
17.75 

1901.78 


83.4 


17.74 


Given  in  the  Harvard  Annals  with  rough  place, 
and  261?7  :  18^52  :  9.3  .  .  .  9.5  (1868.48)  3n.  There  is 
a  15m  star  nearer  A,  263?4  :  5'68  (1901.79)  In. 


OS  73.     |ji  Persei 

R„\.  =  i^  e-"  5«  I 

Decl.  =  +  48°     6"  S 

AandB 

1901.720               .349?8 
.722               348.5 

14.-52 
14.24 

1901.72                 349.1 

14.38 

A  and  C  (=  H  VI  20  =  Sh  364) 

1901.720               231? 9 
.722               231.6 

84^02 
84.30 

1901.72 


231.7 


84.16 


No  change  in  B.  For  AC  Sh  found  231?7  :  91  ^56 
(1822.85)  2»i.  There  is  a  12.8m  star  nearer  than  C, 
124?2  :  50.'36  (1901.72)  In. 


H  673.    D.M.(.30°)641.    9.2  . 

.  .9.6 

R.A.    =4"   d-2r>-  I 

Decl.  =  +  .30°  .TO'  \ 

1901.799               195?5 

21-40 

.818               195.8 

21.09 

1901.81 


195.6 


21.19 


H  gives  210° ±  :  18r±:  :  7  ...  10.  I  found  many 
years  ago  that  there  was  an  error  in  H's  magnitude 
of  A.    This  is  given  as  9^  in  D.M. 


S  519  r>j.    D.M.r.->0'')976. 

R.A.   =4''11'"52» 
Decl.  =  +50'    5' 

346?4 
345.8 


1900.75 


346.1 


.9.3 


18^29 
17.98 

18.13 


Given  as  Class  IV  in  2.    The  only  other  measures 
are  by  Espin,  346?8  :  18r.50  (1892.96)  2n. 


OS  (Ajjp)  49.     7.5  ...  7.5 

R.A.    =4"  12"  41=  I 
Decl.  =  +    1°  29'  \ 

1901.742  144?6  102^80 

.758  144.8  102.79 


1901.75 


144.7 


102.79 


Fixed;  A  gives  144?9 :  102^94  (1875.33)  3n.  No 
other  measures.  These  stars  are  Lalande  8090  and 
8093. 


S  537.    8.5  ..  .  9.7 

R.A.    =4'<16°'21'  ) 

Decl.  =  -  10°  14'  S 

1900.706               341?5 

16. -36 

.742               341.6 

16.49 

1900.72  341.5  16.42 

Distance  and  angle  slowly  increasing. 

1832.39        a34?0        14^99        in        : 
1867.10        3:36.9        15.28        3n 
1891.86        340.4         15.98         In         ,£ 


p402 

R.A. 

=  41.17'"    3s  ) 

Decl. 

=  -    1-  Xi    \ 

1901.760 

75?  3 

7^53 

.796 

73.7 

7.52 

1901.78 


74.5 


7.52 


This  was  put  on  the  list  in  order  to  observe  a 
third  faint  star  noted  by  Cog.shall  at  110":  7*8, 
referred  to  in  my  General  Catalogue.  I  found  a  14ni 
star  111?1  :  29-0.  Since  then  I  have  leamwl  from 
him  that  there  was  an  error  in  transcribing  the  dis- 
tance, which  was  really  29",  as  I  found  it. 


S530 

D.M.(53°)769 

R.A. 

=  4"  17"'    5«  I 

Deri 

=  +  53°  13'  i 
A  and  B 

1901 

720 

200?  5 

li:i2 

722 

200.7 

il.l'.t 

742 

199.2 

14.0f5 

1901 

73 

200.1 
A  and  i' 

14.12 

1901 

742 

279?  6 

36^81 

758 

280.3 

36.83 

1901 

75 

279.9 

,36.82 
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C  and  D  (new).    11.8, 
1901.742  43? 2 

.758  44.4 


1901 . 


43.8 


1^39 
1.55 

1.47 


No  other  measures  of  C,  but  it  was  noted  by  H  in 
his  Fifth  Catalogue.  This  star  I  found  to  ho  a 
rather  difficult  pair.  The  only  measures  of  AB  since 
S  are  by  Ma  and  J .    There  is  no  chanee. 


H  342  =  1 IV.  1 17  =  S  539  rrj.    8.2  ..  .  10.2  .  .  .  12.5 


R.A. 

=  4"  17'"  19 

Decl. 

=  -    5-17 

A  and  B 

1901.706 

234?  8 

17r69 

.742 

235.2 

17.35 

1901.72 

235.0 
AandC 

17.52 

1901.706 

82?  5 

28-27 

.742 

81.8 

28.18 

1901.72 


82.1 


28.22 


H  gave  238?2:  19-53  (1783.13)  In.  No  other 
measures  since,  except  my  own  in  1877,  which  show 
no  change  as  compared  with  the  above. 


S  541  ( 

ej.    9.2  ..  .  9.3 

R.A.    = 

-iM8'"l-l'^ 
+  21°  58' 

Decl.  = 

W0.725 

331?  8 

5-22 

.744 

328.3 

5.83 

.780 

329.5 

5.37 

1900.75 


329.9 


5.47 


This  is  the  faint  pair  between  «'  and  k-  Taiiri. 
The  only  other    measures    are    by   A,  327 ?2  :  4 -'94 

(1874.11)  4n. 


S  547.     8.5  . 

R.A.    =  4i'19" 
Deal.  =  -    1° 


10.4 


1901.758 
.796 

1901.78 


43?  9 
44-5 

44.2 


2^04 
1.98 

2-01 


The  change  in  angle  is  about  60°  since  1831.  A 
comparison  of  these  measures  with  2's  gives  0'052  in 
the  direction  of  316?  1  for  the  proper  motion  of  A. 


57  Persei.     Sh  44  =  :j  VI.  99 

R.A.    =  4''24'"58^  ) 
Decl.  =  +  42°  48'  \ 


1900.687 

198?  8 

115:38 

.744 

198.4 

114.83 

.763 

198.6 

115.46 

1900.73 


198-6 


115.22 


The  change  is  due  to  proper  motion,  prolxilsly  of 
the  smaller  star.  This  is  given  in  the  A.G.  as  0-'076 
in  157?7. 


1821.91 
1875.11 


198?9 
198.9 


110^19 
113.68 


hi 
2ii 


Sh 

J 


This  change  in  distance  corresponds  to  the  move- 
ment as  given  of  B. 


H  3653.    O.Arg.S.  3129  and  3130.     8.3  .  .  .  8.5 


R.A. 

=  4''2.5">    7'  ) 

Decl. 

=  -  16°  4.3'  \ 

1900.742 

156?  3 

42^58 

1901.758 

157.4 

42.42 

1901.75 


1.56.8 


42.50 


The  only  other  measures  are  148?5  ;  40"  ±  (1835.9) 
H.    The  O.Arg.  places  give  155?9 :  48r87  (1850±). 


Hd  Zone 


10.7 


12 


R.A. 

Decl. 

=  -IXOG'"  IP  I 
=  +    1°     2'  i 

1900.742 
1901 . 796 

235?  8 
239.2 

ir93 
2.42 

1901.77 


237.5 


2.17 


Marked  "  elongated  "  in  the  Harvard  Zones, 
other  observations. 


S  451  =  02  (Ajyp)  51.    7.3  ..  .  7.7 

R.A.    =  4'' 27™  25'  ) 
Decl.  =  +47°     1'  \ 


No 


1900.687 
.744 


1900.71 
Probably  unchanged. 


198?  4 
198.1 

198-2 


58^68 
58.62 

58.65 


1875.13 
1875.3 


197?  4 
198.4 


59^27 
59.44 


2n 


A 

A.G. 
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ME.tSUEES    OF 

Double  Stars 

H  344.    D.M.(33°)883.    8.4  ...  11 

S  579.    8.6  ..  .  9.7 

R.A.    =4'-28"'26'( 

R.A.    =  4'' 34"  32'  ) 

Decl.  =  +33°  41'  \ 

Decl.  =  +22°  30'  \ 

1900.744               102? 0 

11.-20 

1901.758                 34? 5 

16^31 

.780               102.4 

11.14 
11.17 

.799                 34.7 

16.43 

1900.76                 102.2 

1901.78                   34.6 

16.37 

The  only  observations  are  by  H, 

95°±  :10"±  :  10 

No  recent  measures.     No  materia' 

change. 

.  .  14.    There  is  a  14m  star  82?2  :  1 

7^5. 

S  455.     T  Tauri 

S565 

R.A.    =4" 35"'    2' 
Decl.  =  +  22°  44'   : 

R.A.    =  4"  29™  42'  ) 

Decl.  =  +  41°  53'  S 

1900.684               213^2 

63r02 

1900.780               174?3 

1.-63 

.687               213.1 

62.94 

.782               173.3 

1.48 

1900.68                 213.1 

62.98 

1900.78                 173.8 

1.55 

Without  change.     A  gives  212?4 

62:85  (1875.35t 

Probably  fixed.      Measured   in 

looking   for  the 

2)1.    Large  star  supposed  to  be  a  close  pair  from  an 

Weisse  pair  given  Ijelow. 

occultatiou  observed  by  Hough  (A.J.  474).    Condi- 

tions too  unfavorable  at  the  time  of 

my  measures  to 

P  1043.     3  CanielopardaK 

detect  a  very  close  pair. 

R.A.   =  4'>30™28^ 

Decl.  =  +52°  50' 

S  585.     D.M.(4°)'?33.    8.6  . 

.  .  10.5 

1900.687               299n 

3r66 

R.A.   =4i'36'"21' 

.780               295.8 

3.73 

Decl.  =  +    4°  29     ' 

.782               292.6 

3.74 

1901.796               294.3 

3.55 

1900.706               275? 7 

11. '85 

.815               297.2 

3.88 
3.83 

3.73 

.742                275.9 

12.05 

.818               295.2 

1900.72                 275.8 
No  recent  measures,  Ijut  uuchang 

11.95 

1901.28                 295.7 

sd.     Place  here- 

tofore  approximate  ;  identified  as  above.    The  mag- 

nitude of  A  in  D.M.  is  9.2  ;  2  gives  8.3. 

Weisse  IV.  647.    9  .  . 

9.1 

R.A.    =4t'.31"'42»  ) 

Decl.  =  +  42°     6'  f 

Hall.    D.M.(1°)809.    9.1  . 

.9.1 

1901.720                110?3 

2f46 

R.A.    =  4'' 37  "'.'•,3^  ) 

.722                113.8 

2.44 

De.rl.  =  +    1°  51'  i 

1!K)1.712                157?3 

2^35 

1901.72                 112.0 

2.45 

.758                155.8 

2.37 

Weisse  IV  643  is  noted  "  duplex 

3"  "  in  that  cata- 

.760                156.1 

2.. 53 

iogue.    That  star  is  not  double,  and  the  note  doubt- 

les.s  Ixilongs  to  the  one  given  here,  which  is  alxjut 

1901.75                 156.4 

2.42 

5  s.     No  other  measures. 

Identifiwl  as  above.    The  only  oil 
by  Hall,  157?4  :  2.'29  (1888.10)  :i//. 

(•!•  measures  are 

H  346     B.A.C  1444.    6.1 

.  .  .  11.0 

R.A.    =4''.33'"49^  ) 

D.M.(21  ,)(J94.    9.1  .  .  .  10.5 

Decl.  =+28°  23'  \ 

R.A.   =4i>38">51') 
Decl.  =  +21°     3'  \ 

1901.742                 54?  5 

43  .'.37 

.758                  54.7 

43.27 

43.32 

tes  by  H. 

V.m.lUH                114?7 
.799                113.8 

5:44 

1901.75                   54.6 

5.37 

No  other  measures  ;  only  estima 

1901.78                 114.2 

6.40 
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This  was  measured  ia  trying  to  find  S  593  ivj., 
which  should  be  alx)ut  1"'/  and  10°n.  S  gave  Class 
IV  and  magnitudes  8.9  ..  .  8.9.  There  is  no  such 
star  in  this  place.  The  8m  star  some  distance  sf  has 
a  very  distant  11m  star  in  103°,  but  neither  that  nor 
the  one  measured  is  likely  to  be  the  s  star. 


H  350.     11 


11 


R.A. 

=  4M.3"'  18=  ) 

Decl. 

^+3i    .3.5'  \ 

1901.799 

308?3 

5. '.32 

.818 

308.2 

4.96 

1900.81 


308.2 


5.U 


H  describes  it  as  "  extremely  delicate  and  beauti- 
ful," and  gives  310° ±  :  2"±.  It  is  in  the  field  with 
D.M.(.34°)914. 


?  VI.  83. 

D.M.(6°)76.5.    ' 

.  .  .  8..5 

R.A. 

=  4''M'"12=  ) 

Decl 

=  +    6=  .37'  i 

1900.684 

4?1 

96r08 

.742 

3.7 

3.9 

95.78 

1900.71 

95.93 

onlv  other 

measure   is    b 

V   H,   1-7  :  80.-97 

(1783.79)  In. 


S  457.    8.3  ..  .  8.3 


R.A. 

=  4M6".59 

i 

Deal. 

=  -    1°  28' 

1900 

763 

354?  5 

41 

'03 

780 

354.5 

41 

01 

1901 

758 

354.6 

40.96 

1901.10  354.5  41.00 

No  other  measures  except  S,  353?7  :  41  f49  (1824.42) 
3)i.    These  stars  are  D.M.( -1  )744  and  743. 

H  3705.     O.Arg.S.  3514.    7.7  ..  .  10.5 

R.A.    =  4"  51 '"24=  ) 
Decl.  =  -  16°  19'  i 

141?7  22:62 

140.8  22.14 

1901.78  141.2  22.38 

The  only  other  measures  are  : 

1835.9        1.39?3        16"±        1?;        H 
1880.4        141.0        22? 29        3«        P 


H  689.     L  93.55. 


11.3 


R.A. 

=  4"52™    8=  ; 

Decl. 

=  -    2°  24'  \ 

1901.758 

277?6 

20^76 

.760 

279.3 

21.18 

1901.76 


278.4 


20.97 


The  only  other  metisures  are  275?6  :  20.'67  (1880.63) 

2///3. 


W  IV.  1215.    9 


R.A. 

=  4i'56"'    5=  ) 

Decl. 

=  +  13°  11'  \ 

1900.744 

83?  0 

4f38 

.763 

84.0 

4.39 

1900.75 


83.5 


4.38 


"Duple.x"  in  Weisse.    The  only  other  measures 
are  in  Leipsic  A.G.,  p.  207,  82?2  :  4:59  (1893.79)  In. 


H  2247.     S.D.(5  )1135.    8.5  .  .  .  11.9 


R.A. 

=  4i'56'".51 

( 

Decl. 

=  -    5    53 

A  and  B 

1901 

758 

58?  2 

20:91 

796 

55.7 

20.67 

1901 

77 

57.0 
A  and  C 

20.79 

1901 

758 

18?7 

33:18 

796 

17.1 
17.9 

33.42 

1901 

77 

as.  30 

C  and  D  (ll.G  .  .  . 

i:!) 

1901 

758 

313?5 

2:67 

796 

315.2 

3.26 

1901.77 


314.3 


2.96 


No  other  measures.    H  gives  55?6  for  AB.    The 
closer  star  is  new. 


OS  94  rej.    O.Arg.N.  5495.    7.5  .  .  . 

11  .  .  .11 

R.A.    =41^58™    7=  ) 

Decl.  =  +50'     8'  S 

A  and  B 

1900.744               304? 3 

17:90 

.763               301.0 

18.17 

1900.75 


304.1 


18.03 


19 


20 


Measures  op  Double  Staes 


A  and  C 

1900.744 

63?  7 

25  .'14 

.763 

62.6 

24.95 

1900.75  63.1  25.04 

There  is  a  14m  star  from  A,  340?9  :  26.'1. 

2  640.    (=H356) 

R.A.   ^ii-ag^ll') 
Decl.  =  +  33°  15'  ( 


A  and  B 

1900.725 

96?  9 

9f52 

.763 

96.3 
96.6 

9.44 

1900.74 

9.48 

A  and  C  (C  =  11m) 

1900.725 

315?  6 

25.'26 

.763 

317.0 
316.3 

25.30 

1900.74 

25.28 

C  not  in  2  ;  first  noted  by  H  ;  not  measured  he- 
tore.  No  recent  measures  of  AB,  but  without  change. 


S  466  (=H  VI.  105).    105  Tauri 

R.A.    =0"  O-^rjM 
Decl.  =  +  21°  33'  \ 

1900.725  250?8  111. '45 

.763  250.3  111.29 


1900.74 


2.50.5 


111.37 


Both  stars   have   meridian   positions.     No  meas- 
ures except  S. 


1825.04 

2.51  ?0 

109.'99 

2nS 

1825  ± 

251.2 

116.. ^53 

Weisse 

1875- 

250.7 

110.44 

A.G.  Berlin 

The  proper  motion  of  A  is  very  small,  0.'025  in 
276?8. 


Edgcomb.     103  Tauri. 

R.A.    =  5"  0"  48' 
Decl.  =  +  24°     6" 

A  and  6 

1900.725  147?0 

.763  152.3 


13 


13'02 
13.. 57 


1900.74 


149.6  13.30 
A  and  C(=H  V.  114) 

1900.725               198?0  35^52 

.763               197.4  35.50 


1900.74 


197.7 


a5.51 


The  faint  star  B  was  detected  by  Edgcomb  in 
1878.  The  only  measures  are  147?9  :  12. '94  (1878.98) 
InP;  and  for  the  other,  197 ?6  :  30-05  (1783.80)  l)i 

by¥- 

2  642  n>j.     66  Eridani.     6  .  .  .  9.7 


R.A. 

=  5^  0™48'  ( 

Decl. 

=  -    4°  49-  \ 

1900.763 

9^3 

52.'85 

.780 

10.0 

52.77 

1900.77 


9.6 


52.81 


The  only  other  measiu-es  are  mv  own,  9?4  :  52'50 
(1879.95)  2n. 

S  468  (=  S  6.50  rcj.).    8  ...  8.1 

R.A.   =5"  3"' 27^/ 
Decl.  -  +  13°  51'  \ 

1900.744  165?4  26^25 

.763  165.8  26.45 


1900.75 


165.6 


26.35 


No  measures  since  South,  162?6  :  27 '18  (1825.00) 
.    The  A.G.  positions  give  164:4  :  26 .'68. 


02  517 

R.A. 

=  oi-   7'"  18' 

\ 

Decl. 

=  +    1°  49' 

A  and  li 

900.780 

308  .'9 

An  and  C  (C  =  12 

2) 

900.780 

137?3 

0.'19 


1900.780 
UtOl.815 

137?3 
139.2 

138.2 
discovcnd  hv 

H. 

11. 

6^88 
6.72 

1901.30 
The  faint  star 

6.80 
riichangcd. 

02  102 


R.A. 


18' 


Certainly  roimd,  with  all  iwwers,  with  good  con- 
ditions 1900.78.  It  has  not  1)('<'ti  seen  othi-rwise  in 
the  last  thirtj'  years.  It  is  probaljly  not  a  double 
star. 

W- V.  199  =  D.M.(.3rj913 

R.A.    =;  5"   9">.31'  ( 
Decl.  =  +3V     8°  \" 

Noted  as  "duplex"  in  Weisse.  It  is  not  a  (lonl)Ii! 
star  of  any  kind  (l'.K)1.79j.  There  is  a  4  pair  of  12m 
stars  in  the  field. 
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X.  Aurigae.     AD  =  H  V.  22 

R.A.    =5''10">42=  ) 
Decl.  =  +39'  59'  \ 

A  and  B  (B  =  1.3.5) 
1900.780  273? 4  28^92 

.782  275.4  29.30 


1900.78 

21iA 

A  and  C  (C  =  12.2) 

29.11 

1900.780 

224?4 

33.-57 

.782 

225.0 

34.09 

1901.586 

225.5 

33.83 

1901.05  225.0  33.83 

A  and  D  (=2  3  Ajij)  II) 


1900.780 

.782 

1900.78 


7?2 
7.2 

7.2 


133:64 
133.38 

133.51 


The  nearest  .star  has  not  been  seen  before.  C  was 
added  by  me  with  the  18i-iu.  The  measures  now 
show  that  this  star  is  not  moWng  with  A ;  the  only 
measui-es  are  197?6 :  40-47  (1879.28)  2n  p.  The 
change  is  due  to  the  proper  motion  of  A,  as  is  that 
in  the  old  companion  D.  The  large  star  has  a  proper 
motion  of  0^838  in  141°9.  A  compari-son  of  my 
measures  with  those  of  S  in  1836  gives  0^856  in  140?6. 


9  V.  88.     D.M.(39M1250.    9  .  .  .  10 

R.A.    =  SMO'"  i6^  / 
Decl.  =  +  40'     0'  \ 

1900.782  217?8  32^43 

1901.586  217.3  32.46 


1901.18 
Near  X  Aurigae. 


217.5  32.44 

No  measures  since  $,  215°9 : 


35  ^25  ( 1783.49)  1  n .  There  are  two  faint  stars  between. 


W-  V.  269.     8.9  .  .  .  9.0 

R.A.   rr  5m'"-13^  ( 

Decl.  =  +36°     5'  ( 

A  and  B 

1900 

782               329? 8 

2^85 

1901 

722               329.6 

2.81 

1901 

25                 329.7 

A  and  C  (C  =  13.5) 

2.83 

1900 

782               224?0 

9^s8 

1901 

722               225.3 

10.36 

1901.25 


224.8 


10.12 


Noted  in  WeLsse  "duplex  3 "."   No  other  measures. 


H  3272.    8  .  .  .  11.5  .  .  .  11.1 


R.A.    =5  "11' 


Decl. 

=  +39°  14'  J 
A  and  B 

1900.782 

342?! 

19^40 

1901.720 

342.0 
342.0 

19.48 

1901.25 

19.41 

AandC 

1900.782 

295?  5 

29^26 

1901.720 

295.0 
295.2 

29.06 

1901.25 

29.16 

A  and  D 

1900.782 

42?  4 

33 -'13 

1901.605 

42.5 

83.71 

.720 

41.9 

33.25 

1901.40 


42.3 


33.36 


The  only  measiu-es  are  mine  of  1879,  which  show 
no  change. 


Aitken  53.    S.D.(3°)1061.    8.3 

R.A.   =5'' 13"'    6^  ^ 
Decl.  =  -    3°  12'  f 

1900.742  48?3 

.763  47.2 

1901.873  46.9 


1901.12 


47.5 


11.2 


5 '13 
5.13 
4.96 

5.07 


This  star  has  a  large  proper  motion,  0^690  in  77?5, 
and  the  companion  is  moving  with  it. 


H  697,     B.A.C.  1657.    fi.s  .  .  .  11.7 

R.A.    =  5 ''15°' 24-  I 
Decl.  =  -    0"  .32'  \ 


A  and  B 

1900.763 

59?  8 

33  .'06 

1901.838 

59.8 
59.8 

33.10 

1901.30 

83.08 

A  and  C  (C  =  11.2) 

1900.763 

110?8 

38^60 

1901.838 

112.2 
111.5 

38.28 

Ut01.30 

38.44 

The  only  other  measm-es  are  : 

1878.99  59? 8        32^40        \n 

1878.99        109.8        36.81         In 
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10 


It, A,  ».f,'>2?{"'OT'  ^ 

Mi)  v('.;i  iiC'C 

hKit  Hii.  117.'; 

H.'IM  117.2 


48.42 
48.47 


llHil    II  117   I  48.26 

'II, iK  inrasMirMaivliy  Will  I  TKJ,  105?  i  :  44.'25. 
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P,n»l  si;.  44.'(; 
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^.7 
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12.-56 
12.90 

12.73 


j;a-^       3522^       3R9I       ^       =^ 


XT  IIS-  iMfc~r^«.  '-^  -  -mr 


36336  3^5^ 

3SS-5  3- S 
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Measuees  of 

Double  Staks 

2  771.     D..M.(  IV)  )1(I2().    y.O  .  .  .  9.2 

H  5465 

R.A.    =5"  34™  42^/ 

R.A.    =  SMa™    5^  ( 

Decl.  =  +  19°  29'  \ 

Decl.  =  +  11°  57'  \ 

1901.838                 55? 2 

24  .'29 

The  description  in  H  is  45°  ±  :  12"  ±  :  7  .  .  .  (1823) : 

.876                  55.3 

24.00 

"An  excessively  minute  companion  suspecteti"     I 
looked  for  it  with  the6-in.,  1873-74,  and  with  the  18.1- 
in.,  1878,  without  success;  and  there  is  no  companion 

1901.85                   55.2 

24.14 

The  motion  is  rectilinear.     It  was  put  on  the  list 

visible  in  the  40-in.  on  two  nights,  19(X)  1 .    The  place 

more  psirticularly  for  identification. 

In  l(X)kiug  for 

in  H  is  that  of  the  7.5m  star,  D.M.(11  )945. 

this,  a  simiLir  pair  7  n  and  4'/  was  measured  : 

1901.85        342?5        29 '25        8.9 

.  .  .  10.4        2/( 

This  is  D.M.(19- 11027. 

S  798.     7  .  .  .  9.5 
R.A.    =  5 1' 42 '"25'  ) 
Decl.  =  -    8°  25'  i 

29  Camelop.    f  IV.  125  = 

H2278 

liKX).7();i                18(r9                20.'94 

R.A.   =5"  40'"  19') 
Decl.  =  +  56°  53'  \ 

.780                181.1                20.87 

1900.77                 181.0               20. tK) 

1900.780               130? 7 

24.'84 

.782                130.8 

24.95 

No  measures  since  J,  who  suspected  a  10"  com- 

24.90 

panion.    There  is  nothing  ue;irer  than  the  S  star. 

1900.78                 130.7 

Unchanged. 

f  found  137?6  :  22.'43  (1783.50) 

Ih.     The  proper 

motion  is  small.  0.'027  in  244?0. 

56  Orionis.    5  .  .  .  13.5 
R.A.    =5"  46"'  13'  I 

D.M.(12  )901.    8.1  ..  . 

13 

Decl.  =  +    1°  49'  i 

R.A.    =5  "41  "'15'  / 

1901.873                212?5                43^45 

D.'cl.  =  -1-  12°     !■  ( 

.876               211.1               43.37 

1900.744               .339n 

9.'19 

1901.87                 211.8               43.41 

.7a3                338.2 

10.02 

Taken  by  mistake  for  59  Oi'iouifi.     There  are  no 

Utf)l.S73               340.3 

9.15 

other  measures. 

1901.13                 339.2 

9.45 

Mejisured  in  l(X)kinf^  for  H  5465, 

which  should  be 

about  l"'/. 

Anderson.     L  11231.    7.8  ..  .  10.4 
K.A.    =5 ''49 '"18-  / 
Decl.  =  -  19°  44    i 

P  561.     L  10i«;9.     7.4  . 

.  13 

1900.780                 20? 6                 9 '26 

R.A.   ^SMl-"  18'  / 
Decl.  =  +  12°  22'  J 

1901.873                 20.0                 9,02 

1900.744                    3?0 

19.'17 

1901.32                   20.2                 9.11 

.7^3                    2.8 

18.93 

Given  in   Hall's  observations   as   discovticd    by 

1901.873                   3.3 

19.02 

Geo.  Anderson  with  the  26-inch.     The  place  is  in 

19(31.13                    3.0 

19.04 

error  by  alx)ut  2'"  R.A.  and  16'    Decl.     The  only 
measures  are : 

Measured  in  looking  for  H  6465. 

1876.09        19?4        9:10        2,1         Hall 

S  500.     L  10961  and  10963. 

8.5  ..  .  8.5 

R.A.   =  SMI™  53' 
Decl.  =  +  32"  56 

H6466.    D.M.(- 1)1075. 

R.A.    =5"  51 '"38'  / 

Decl.  =  -    r  50'  i 

1901.796                 89?3 

59.'99 

.79<3                 89.2 

59.95 

Given  in  H  as  8m,  with  the  note:  "seen  double. 

but  not  verified  by  magnifying."    The  plac(!  is  that 

1901.79                   89.2 

59.97 

of  the  9.2m  star  given  hen;.    The  40-iu.  shows  a  14m 

Noother  measures  except  S,88?9: 59.'46  (1825.06)3» . 

companion,  110?7  .  Ul'l  (1901.79). 
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5  V.  100.     59  Orionis. 
R.A.   =5''52"'10=  I 


.9.7 


Decl. 

=  +    1'  49'  \ 

1900.780 

204?  3 

36^76 

1901.876 

204.4 

36.73 

1901.32  204.3  36.74 

The  proper  motion  is  very  small,  0^01.5  in  1,36?3. 
The  only  measures  are  : 

1783.02        205  ?±        37  .'25        In        f 
1878.18        205.8  36.57        In        p 


2  829. 

8.9  ..  .  10.2  .  . 

.  10.4 

R.A. 

=  Si'Sd-"    0' 

Decl 

=  -  11°  42' 
A  and  B 

1900.763 

235?  5 

17^69 

.780 

235.8 
235.6 

17.93 

1900.77 

17.81 

Band  C 

1900.763 

220?  1 

5^60 

.780 

220.7 

5.29 

1900.77  220.4  5.44 

J  could  not  see  the  smaller  star.  S  found  217?7  : 
4^56  (1832.69)  27i,  and  238?4  :  16^50  for  AB,  which 
indicate  some  change. 


51861 

R.A. 

=  6''   .3">.36^  / 

Decl. 

=  +30=  42'  S 
A  and  B 

1900.780 

17°3 

64r92 

1901.720 

17.1 

65.79 

.722 

16.7 
17.0 

65.60 

1901.41 

65.47 

B  and  C 

1900.780 

138?4 

1'65 

1901.720 

138.1 

1.58 

1901.25  138.2  1.61 

No  change  in  BC,  but  the  distance  of  A  is  slowly 
decreasing.  Seabroke  thought  the  principal  star  was 
a  0'5  pair.     It  appears  now  perfectly  round. 


9  VI.  72. 

6S  Orionis. 

B 

=  8.6 

R.A. 

=  6"   4"- 55^ 

1 

Decl. 

=  +19"  49- 

1900.744 

214?  9 

85^52 

.780 

213.7 

85.56 

1900.76 


213.8 


85.54 


No  measures  in  the  last  century. 

1783.79        229?0        72^83        \n        ^ 

The  small  star  appears  to  be  D.M.(19°)1252.    The 
proper  motion  of  A  is  small,  0'020  in  95?8. 


H  2302.     71  Orionis 

R.A.    =  6"    7">46'  ) 
Decl.  =  +  19'   12'  \ 


1900.744 

.780 

1900.76 


202.7 


29.29 


H  estimated  the  positions.  The  only  measures 
are  by  Engelhardt,  202?4  :  31  f98(  1886.21  )2».  The 
change  is  due  to  the  proper  motion  of  A,  0."203  in 
213?8. 


H2315.     11.7...  11.7 

R.A.    =  6"  15"-    %^  I 
Decl.  =  -    7"   14'  ( 

1901.796                   3?1 
.873                   2.1 

6.'37 
6.36 

1901.83 


2.6 


6.36 


Given  by  H,  3?0:  1"±  :  13  =  13  (1830),  but  the 
distance  may  be  underestimated.  It  is  S.D.(7  )1384 
given  as  10m.  In  looking  for  this,  a  very  close  pair 
was  found  about  1'"/^  and  2' n.  This  is  the  8m  star, 
L  12112. 


S  529.     W  VI.  883.    7  .  .  . 

R.A.    =  6i'.30"'.51=  I 
Decl.  =  +  12     17'  \ 


7.2 


A  and  B 

1901.815 

153?  8 

73  .'85 

.838 

154.6 

74.11 

1901.82 

154.2 

AandC 

73.98 

1901.815 

169?  1 

167^99 

.838 

169.2 

168.32 

169.1 


168.15 


1901.82 

No  measiu-es  since  South  in  1825.12;  162?9  :  91 '99 
and  170?7  :  187 '91.  This  change  is  explained  by 
the  proper  motion  of  A  of  0'289  in  194?7.  B  is  a 
red  star. 
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Measubes  of 

Double  Stars 

OS  154. 

L  12S31.    6.4  . 

.  .8.5 

H  748.     S.D.(8°)1706.    8.4  ..  .  10 

.5  .  .  .  11.5 

R.A. 

=  6''3o»52' 

R.A.   =  6''57"'12»  / 
Decl.  =  -    8°  10'  i 

Decl 

=  +  40=  45 

1900.782 

123?  6 

26.-07 

A  and  B 

1901.720 

123.3 

26.15 

1901.796               170? 6 
.873               171.9 

6.-79 

6.91 

1901.25 

123.4 

26.11 

Rectilinear  motioi 

1901.83                 171.2 

6.85 

A  and  C 

1901.796               356?9 

15r29 

.878               358.1 

15.21 

€  (riiiiiuoruin. 

9  VI.  73  =  S  5aa.     r>  =  ».o 

1901.83                  357.5 

15.25 

R.A. 

=  6"  36"- .3.3-  \ 

Decl 

=  +  25'  15'  S 

In  Messier  50.     H  gave  the  angles 

170?4  and  0?5 

1900.782 

94n 

iior4i 

(1820), 

1901.818 

93.9 

110.49 

OS  164  rej.    L  13675.    7.3  . 
R.A.    =  6''58™20^  ) 

.  11.2 

1901.30 

94.0 

110.45 

No  measures  since  South,  93?  7  : 

111^58(1825.04) 

Decl.  =  +  25'     3'  \ 

2>i.    The  proper  motion  is  very  small,  0'025  in  258?4, 

1900.782                 50? 6 

13r80 

which  should  give  ai 

I  increasing  distance. 

1901.818                  49.9 

13.51 

1901.. 30                    50.2 

13.65 

.\t  this  time  there  were  no  published  measures  in 

2  967  rej.     S.D.(5°)1797.    8 

2  .  .  .  10.5 

the  last  fifty  years.     Madler's  distance  in  1843  is 

R.A. 

=  6'>40™25^  I 
=  -   6°    0'  i 

9 '09.    Hussey's  measiu-es  in  1899  agree  with  mine. 

Decl. 

1900. 7R3 

189?  9 

13.'22 

S  1033 

.780 

191.7 

13.36 

190.8 

13.29 

R.A.    =  Th   5'"  19 »  ) 
Decl.  =  +52'  45'  \ 

1900.77 

The  only  measures  are  from  tht 

introduction  to 

A  and  B 

Mens.  Mic,  191?5  :  ll-'S  (1832.2)  2. 

1901.799               281? 8 

1^64 

.835               274.4 

1.82 

1901.82                 278.1 

1.73 

H  740. 

8.2  ...  8.7  ..  . 

11.7 

A  and  C 

U..\. 

=  6''45">.38' 
=  +   0°  36' 

A  and  B 

1901.799               271?9 

80-02 

Decl. 

.835               271.4 

79.29 

1901.82                 271.6 

79.65 

1900.763 

8?0 

2iro3 

C  is  not  in  ^.     No  (■hange  in  Al}. 

V.m .  167 

8.0 
8.0 

20.93 
20.98 

1783.06        266?  3        67.-77         1 
1880.53        271.7         78.80        2 

'       ¥ 

1900.96 

/        Ball 

BandC 

1900.7^3 

281?4 

8^72 

OS  168  /•<;/.    L  13937 

1901.167 

282.1 

8.42 

R.A.   =7"  5'"  39'^ 
Decl.  =  +21°  .33'  \ 

1900.96 

281.7 

8.57 

A  and  B 

The  f)nly  measures  are  : 

1900.782                 66?3 

2-1  .'20 

1901.167                 67.2 

23.78 

18.S0.59 

8?0        20-84 

4n        p 

1880.60        283.8          8.18 

2n        p 

1900.97                  m.i 

23.9'.l 
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A  and  C 

1900.782 

1U?3 

51^97 

1901 . 167 

1U.3 

51.70 

1900.97 


114.3 


51.83 


At  this  time  no  published  measures  since  1868. 
From  his  measures,  compared  with  those  of  J,  Hus- 
sey  finds  for  the  projjer  motion  of  A,  0'047  in  126?6. 


W-  VII.  118.     8.2  .  . 

R.A.    =  7''   5"  58' 
Decl.  =  +  15°  23' 

1901.167  157?0 

.818  157.3 


8.7 


1901.49 


157.1 


2^16 
2.27 

2.21 


In    Weis.se    "duplex   2  ."      No  other    measures. 
The  maffuitude  in  D.M.  is  7.5. 


H  2372.     D.M.(20°jl768.    8.1  ..  .  12.5 


R.A.   = 

1" 

12"-  43'  I 

Decl.  = 

+ 

20°  41'  \ 

1901.818 

2?3 

22-45 

.876 

3.3 

2.8 

22.34 

1901.84 

22.39 

No  other  measures. 

S546. 

8.5  ..  .  8.6  .  . 

8.6 

R.A. 

=  7'' 13"'    4'  I 

Decl. 

=  +3V  42'  \ 
A  and  B 

1901.720 

358?  8 

82.'98 

.818 

358.6 
358.7 

82.88 

1901.77 

82.93 

A  and  C 

1901.720 

68?0 

143^94 

.818 

68.1 
68.0 

144.14 

1901.77 

144.04 

The  only  other  measures  are  : 

1825.12        359?4          79^60 

2«        S 

1825.11          69.2        142.64 

In        S 

These  stars  are   D  M.(31  J1540,   1541,  and  1543. 
There  are  faint  stars  between  AB  and  AC. 


D.M.(20°)1775.    6  .  . 

.13 

R.A. 

=  7n4"'52' 

Decl. 

=  +  20'  40' 
A  and  B 

1900 

782 

205?  1 

17r62 

1901 

818 

205.1 
205.1 

17.89 

1901 

08 

17.75 

B  and  C 

1900 

782 

245?  2 

7^73 

Taken  at  first  for  H  1775.    The  principal  star  has 
a  proper  motion  of  0'075  in  263?9. 


¥  V.  66  =  S  548.     6.9  .  .  .  12.2  ...  8.4 

R.A.    =7''20°>31'  / 
Decl.  =  +22°  23'  \ 

A  and  B 


19U1.203 
.876 

19?  6 
18.6 

19.1 

11.-52 
11.38 

M)01.54 

11.45 

1901.203 

.876 

A  and  C 
276?4 
276.2 

36.-32 
35.29 

1901.54  276.3  35.30 

No  material  change  in  the  bright  stars.  The  only 
prior  measure  of  B  is  by  Espin  in  1892.  C  is  dis- 
tinctly greenish. 


'/ 


9  V.  63  =  Sh  368.     63  Gemhiorum 

R.A.    =  7 ''20 '".37 
Decl.  =  +  21"  42 

1900.782  323? 2  42? 77 

1901.203  323.0  42.91 


1900.99 


323.1 


42.84 


The  large  star  has  a  proper  motion  of  0.'122  in 
214?1  (BerHn  A.G.).  ?  made  the  distance  44f25 
(1785),  and  Sh  the  angle  326?2  (1826).  The  only 
complete  measm-es  are  : 

1863.2        324?3        44^61        Kadcliffe 


•y  Canis  Minoris.     .  .  .  13.0 

R.A.   =  7 1' 21"' .38 »  I 
Decl.  =  +    9'   10'  \ 

1901.203  240? 2  3: 
.873  241.5  3: 
.878      243.6      3: 


1901.65 


241.8 


31.32 
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The  only  measures  are  : 

1836.19        247?3        31.'62        bi        Lamout 
1878.06        243.2        32.60        In        /S 

The  large  star  has  a  proper  motion  of  0'093  in 
286?9,  and  the  change  shown  bj-  the  measures  corre- 
sponds to  this  movement. 


S  550.    fi.8  .  .  .  7.1 

R.A.    =7" 22"  15^  ( 
Decl.  =  -  18°  15    \ 


1901.167 
.206 


1901 . 18 


115?8 
116.1 

115.9 


39.54 


The  only  other  measures  are  by  S,  116^2  :  40'04 
(1825.03)  2ii.  These  stars  are  L  15459  and  154G0, 
the  positions  giviag  112?9  :  38.'65  (1800). 


2  1101.    9 


9.1 


R.A. 

=  7'' 23"' 11' 
=  -  13°  34' 

Decl. 

1901.167 

89n 

6.'37 

.203 

88.4 

6.47 

1901.18 


88.7 


6.42 


The  only  measures  since  2  are  l^y  Ma  and  J.     No 
motion. 


S  1104.     L  14619 


R.A. 

=  7"23"'55  = 

! 

Decl. 

=  -  14°  44' 

A  and  B 

1900 

780 

330?  3 

2^40 

1901 

873 

333.5 

2.30 

1901.132  331.9 

AandC.    C  =  11.7 
1900. 7S0  187?6 

1901.203  186.0 


2.35 


20^43 
20.63 


1900.99 

186.8 

20.53 

A 

and  D.     D  = 

11.6 

1900 

780 

5?  8 

37r88 

1901 

203 

5.7 

38.29 

19WJ.99 


5.7 


38.08 


The  distant  stars  not  in  S.  A  has  a  proper  mo- 
tion of  0-'312  in  216?1.  The  change  in  C  and  D  from 
the  measures  of  Engelmann  in  1882  is  due  to  this 
motion  of  A. 


H  3973.    S.D.(20  )1999.    8.4 


R.A.    =  7'' 26"- 37*  [ 
Decl.  =  -  20°  40'  1 


1901.873 
1902.222 


1902.05 


37?  7 


9.3 


9-00 
8.65 


38.2  8.82 

H  gives  36?3:  8r±  (1837.10),  and  calls  the  com- 
panion "remarkable  brick  red."  It  is  decidedly 
reddish.  This  pail"  is  catalogued  as  new  by  See 
(=X81). 


2  1115.    S.D.(12°)2016.    9.5  .  .  .  9.6 
R.A.    =  7"26"'595  ) 
Decl.  =  -  12°  37'  i 


1901.873 
1902.222 


1902.05 


1.39°  9 
140.1 

140.0 


12^35 
12.12 

12.23 


Without  change.      The  compauiou   is   S.D.(12  ) 
2017.     (See  next  pair.) 


J  13.    S.D.(12°)2019.    9.6  ..  .  13.7  ...  9.7 

R.A.    =  7f  27"'20«  I 
Decl.  =  -  12°  .34'  \ 

A  and  B  (new) 
1901.873  208? 8  3ril 

1902.222  209.3  2.70 


1902.05                 209.0 

AandC(=  J  13) 
1901.873               287?  6 
1902.222               288.9 

2.90 

11. '87 
11.75 

288.2 


11.81 


1902.05 

In  the  field  with  2  1115  ;  the  wide  stars  noted  by 
Dcmbowski.    The   large   telescopw   shows   a  nearer 
component.     The  oulj'  measures  of  AC  are  : 
1867.10        288?4        11^44        2(i        A 


S  555.     I.  14888.    7.5  ..  .  7.7 


R.A. 
Decl. 

=  7''.31">10« 
=  -  14°  10' 

1901.206 
1902.219 

228?  8 
228.4 

95^74 
95.77 

1901.71  228.3  95.75 

Nothing  else  since  South  : 

1825.00        227?7        94^37        2ii        fc 
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H  765.    L  U890.    8.6  ...  1] 

.  ..11 

5  says,  "near  9  AryKx;   place 

very  doubtful," 

R.A.    =  7''32'"30^  ) 

and  gives  the  place  of  9  Argus.     His 

estimate  of  the 

Decl.  =  +27'    0'  \ 

distance  is  8'  (1781).    This  star  has 
of  OaOl  in  133?8. 

a  proper  motion 

A  and  B 

1901.720               212?8 

23^52 

.818               212.3 

23.59 

1901.77                 212.5 

23.55 

OS  183  /*•;.     7.5  ...  1 

2 

A  and  C 

R.A.    =  7''47">    8'  / 

1901.720               296? 7 

40.-84 

Decl.  =  +  16    21 '  i|" 

.818               296.3 

40.55 

1901.815                  20?4 

15^87 

.818                  20.1 

15.71 

1901.77                 296.5 

40.69 

No  other  measures.     Distarces  es 

imated  15"  and 

1901.81                   20.2 

15.79 

18"  by  H.     A  has  a  proper  motion  of  0a63  iu  181°9. 

Probably  unchanged  ,  19?8  :  16^19  (1878.12)  3/t  /3 

H  2405.     24  Lyncis 

R.A.    =  7"  .32"- 51 »  } 

S.D.(13°)2277.     7  ...  12  . 

.  .  12 

Decl.  =  +58'  59    \ 

R.A.    =  7M7"'  26*  / 

1901.799               31 9? 2 

54.-50 

Decl.  =  -  13    45'  \ 

.854                319.8 

54.86 

A  and  B 

1901.167                161? 6 

42 '39 

1901.82                 319.5 
No  other  measures.    H,  319U  :  60" 

54.68 

zr .    The  proper 

.203                163.5 

41.29 

motion  is  small,  0-'077  iu  217?7. 

1901.18                 162.5 
BandC 

41.84 

nH)1.203                145?9 

4. '16 

Procyon 

Measured  iu  looking  for  ^  III.  28 

R.A.    =  7"  .33"-    1^  } 

Decl.  =  +    5    .3.3'  i; 

A  and  C 

1897.884        341^2        5' 

-40 

D.M.(.50°)1495.    8.9  ..  . 

R.A.    =  7 1' 49™  22'  / 
Decl.  =  +50°  SJ'  \ 

8.9 

S  560.    6.5  ...  8.6 

1901.742               103? 6 

3^24 

R.A.   =  7" 41""    0'  I 

.799               104.8 

3.17 

Decl.  :=  +  29"     4 '  \ 

1901.77                 104.2 

3.20 

1901.720               358? 7 

89.-50 

.818                358.9 

89.68 

'•Duplex"  iu  Harvard  A.G.     The  only  measures 

are  by  Espiu,  285?2  :  3^14  (1900.12)  2 

n. 

1901.77                 358.8 

89.59 

Without  change.    The  only  measures  since  S  are: 

1873.24        358? 7        89^90 

4h          02 

D.M.(-1°)1949.    9.5  .  .  . 

9.5 

R.A.    =  7'>59"'47»  ( 

9  III.  28.     L  15.389.    7.1  . 

.  10.7 

Decl.  =  -    1°  25'  \ 

R.A.    =  7"  46'"  53'  / 

1902.145               178?6 

6. '62 

Decl.  =  -  13°  33'  { 

23^93 

.222                178.9 

6.89 

1901.203                194? 1 

1902.18                  178.7 

6.75 

.206                195.5 

24.07 
24.00 

Described  as  "  duplex  or  uebulou 
No  nebulous  appearance  with  the  40 

^ "  iu  Nico.  A.G. 

1901.20                  194.8 

inch. 
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W-VIL  1609 

R.A.    =  8"  0™    7'  ; 
Decl.  =  +  31'  54-  \ 

Noted  '■  duplex  ?  "  in  ^Yeisse.  It  is  uot  dovible. 
There  are  two  dist.int  companions,  but  too  remote  to 
be  of  any  interest  (1901.72). 


H3308.     D.M.(35  )17G7.    7 

R.A.    =  Sh   2"' 21'  I 
Decl.  =  +  35-  49'  S 

1901.722  263'. 3 

.7^  263.2 

.758  263.4 


1901.74 


263.3 


.10.8 


45.'81 
4.5.65 
45.75 

45.74 


Only  H,  234?6  :  40'  ±  (1831).  The  principal  star 
ha-s  a  proper  motion  of  0'328  in  1.3S°1.  In  my  first 
measure  A  was  thought  to  be  a  close  pair,  but  uot 
verified. 


H  2430.     D.M.(.53°)122.    8.9 


12  .  .  .  12.5 


RA. 

=  SI-   3°'49'  ) 

Docl 

=  +rj.V  43'  <i 
A  and  B 

1901 

742 

311?2 

20^44 

799 

309.4 
310.3 

20.37 

1901 

77 

20.40 

B  andC 

1901 

742 

184?0 

8^20 

799 

180.2 

8.55 

1901.77 


182.1 


8.37 

H  gives  31l?5  :  15' it  and  177 '±  :  3"  it  and  mags. 
8,  13,  and  14.  No  other  measures.  The  magnitude 
in  D.M.  is  9.2. 


OS  190  rej. 


R.A.    =  8''12"'.36»  ) 
Decl.  =  +  47'  48'  \ 

A  and  a  i=  Hussey  224) 


1901.742 

316?3 

4r09 

.8.54 

317.3 
316.8 

4.09 

1901.80 

4.09 

A  and  B 

1901.742 

167?  4 

38r57 

.a54 

167.6 

38.43 

1901.80 


167 


38.50 


A  and  C 

1901 

742 

280:4 

.854 

280.5 

1901 

80 

280.4 

¥V. 

109.    6. 

R..\. 

=  8"  19-1 

Dpi-l 

=  +    11 

1901 

203 

ai2?6 

1902 

142 

.342.1 

145 

342.9 

77.65 


.  10.5 

'.1'} 
51-  \ 


1901.83                 342.5  31.41 
The  only  earlier  measm'es  arc  : 

1783.14        325?0        .35r40  1//        ^ 

1880.61         34.'5.0        31.  SO  2it         § 

The  large  star  docs  not  app(>ar  to  have  any  sen- 
sible proper  motion.     Probably  without  change. 


A.G.C.  3.     p  llijdnir.     r, 

R.A.   =8"  42-"    5> 
Decl.  =  +    6"  17' 

1901.873  146^5 

1902.145  145.5 


12.5 


12. '05 
12.04 


1902.01  146.0  12.04 

Discovered  ])y  Alvan  G.  Clark  with  the  McCor- 
mick  26-iuch.     Apparently  without  change. 

1878.07         144?9        12.'40        3,/         /3 


H4146.     L17.")n.    6. 


12 


R.A.    =  8M6"48»  ) 
Decl.  =  -  12°  47'  i 

1901.167                 103?2 

84r00 

.203                102.9 

33.68 

1901.18 

H  gives  99?2  :  35" 
is  !"■  in  error. 


103.0  33.84 

:6  .  .  .  14  (1S.36).    His  R.A. 


S  585.    6  .  .  .  6.3 


R.A.   =8" 49™    4>) 

Decl.  :=  -  17-  45'  \ 

1901.167                 146?9 

66^82 

.203                146.9 

66.84 

1901.18  146.9  66.83 

S  gives  .323?2:  69-36  (1825.22)  3y/.     These;  stars 
are  L  17(^36  and  17638. 
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Schjellerup  11.    9.1  . 
R.A.  =  gi-  I'-.ie^ 

Decl.  =  +    0"  16' 

1901.208  259?2 

1902.222  261.3 


.9.2 


260.2 


6^46 
6.. 53 

6.50 


1901.72 

First  noted  by  Schjellerup,  and  given  with  esti- 
mated position.  The  principal  star  is  D.M.(0')2462. 
There  is  no  evidence  of  motion.  The  only  other 
measm'es  are : 

1874.26        260'?9        6 '21        2«        A 


9  VI,  47.    3Leo7iis.    6 

R.A.    =  9''22"'   6^  ) 
Decl.  =  +    8"  43'  \ 

1901.167  80° 2 

.299  79.3 


10.5 


24^90 
24.84 


1901.23  79.7               24.87 

No  measures  by  5-  The  later  positions  do  not  show 

any  material  change.  The  only  other  measures  are  : 

1852.19        81'?6  25r71        2n        Lassell 

1879.48        79.2  25.14        3*/        /3 


T  Hydrui 


VI.  71  =  Sh  106  =H  1167 


R.A.    =  9"  23-    3'  ( 
Decl.  =  -    2°   15'  i 

1901.206                    3? 7 
.299                    3.3 

65^29 
65.31 

1901.25 


3.5 


65.30 


The  A.G.  proper  motion  of  A  is  0'118  in  91°9,  and 
B  (L  18661)  O.'lSO  in  90\  As  they  are  moving  at 
nearly  the  same  rate,  there  is  little  change. 

This  pair  was  subsequently  observed  and  cata- 
logued by  Sir  John  Herschel  as  ^  1167,  liut  given 
with  an  error  of  1°  in  the  declination.  There  is  no 
doubt  of  its  identity  with  t  Hydrae. 

1800  1?4        66ri2  Lalaude 

1821.23        3.2        66.68        In        Sh 
1887.3  3.0        65.32  A.G. 


S604. 


R.A. 
Decl. 


L  18884.    7.1  ..  .  8.7 
59=  / 


ghogn 

-  19° 


1901.206 
1902.222 


90?  5 
90.5 


1901.71  90.5 

The  only  other  measm'es  are  ; 


5ir44 
51.20 

51.32 


1825.17 


90?5        51f84 


2n 


S611.     S.D.(13  )3193-4.    9...  9 


1902.145 
.219 


R.A.   =  10"  35'"  53  = 
Decl.  =    -  14'     5' 

193?  9 
193.3 


59^60 
59.55 


1902.18 

193.6 

59.57 

The 

only  other  measure  is  : 

1825 

193?8 

59^33 

In        S 

H838. 

41  Sextantis. 

6 

.  .  .  11.7 

R.A.   = 

10  M4"' 

17  = 

Decl.  = 

-    8° 

16' 

1901.299 

303?  9 

27  .'04 

.337 

302.2 

27.06 

1901.32 


303.0 


27.05 


The  only  other  measures  are  303?8  :  26 '95  (1878.18) 
1m  p.     H  called  the  small  star  17-18m. 


S  617.     6.6  ..  .  8.5 


R.A. 
Decl. 


10  M7 


'19» 
37' 


1901.167 
.203 


177?8 
178.3 


35 '25 
35.42 


1901.18  178.0  35.33 

The  proper  motion  in  the  A.G.  is  0'130  in  230?1 
for  each  star.  The  components  are  L  20956  and  20957. 
1800  179?  7        34:11  Lalande 

1824.22        177.8        35.22        2n        S 
1880.66        178.6        35.09        3/i        Schiap 

H  4410.     O.Arg.S.11162.    7.5  ..  .  13 

R.A.   =  11  •>   2"-  19=  I 
Decl.  =    -  15    19'  ( 


1901.206 
.299 


222?  6 
221.8 


19'33 
19.71 


1901.25  222.2  19.82 

Only  H,  205?3:  15"  (1836.4).     He  calls  it  "diffi- 
cult," so  the  apparent  change  in  angle  may  not  be  real. 


H  177.     S.D.(2')3297. 

9.6.. 

.  10.1 

R.A.   =  11"   3"- 

21=/ 

Decl.  =    -    2' 

46    i 

1901.206                128? 1 

4^93 

.299                131.1 

4.87 

1901.25  129.6  4.90 

H  gives  110°±  :  2",  and   says,  "hardly  didded 
with  the  sweeping  power." 
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,9.9 


1901.26 

352.2 

A  and  B 

1901.167 

256?  7 

.299 

256.2 

1901.23 

256.4 

No  other  measures.    Descrilx 

W-  XI.  621. 

S  1518  rej.     D.M.(602421.     7.5  ...  9.7  .  . 

R.A.   =  11"  8-°  18'  ( 
Decl.  =    +    5°  55'  \ 

BandC  (=  S  1518  rp/.) 

1901.167  350?5  2^80 

.299  353.0  3.69 

.318  353.2  3.72 

3.40 

103^49 
103.52 

103.50 


R.A.  =  llf:W'"  17' ) 
Decl.  =    +21°  59'  J 

This  star  (=  D.M.(22')2387)  is  noted  "duplex  3'  " 
in  Weisse.  Examined  on  two  nights  in  1901,  but 
not  seen  double  or  with  any  near  companion.  It  is 
a  curious  fact  that  in  the  Berlin  A.G.  this  star  has 
the  note,  "Ckjmp.  9.5  l'-2"?"  It  is  about  l'^ p  93 
Leonis.  I  examined  the  star  in  question  in  May, 
1874,  with  the  6-in.  without  seeing  it  double. 

H2955 

R.A.    =  11''59°'16'  ) 
Decl.  =    +  39'  20'  \ 

The  description  in  H  is  315° d=  :  15'±  :  8  .  .  .  18 
(1830);  "extremely  faint."  Examined  on  two  nights, 
and  no  companion  visible. 


S  1601 

RA.   =  12'>  O"   2» 
Decl.  =    +  39°  .30' 

1901.203  311?6 

.318  311.7 


1901.26 


311.6 


2^45 
2.31 

2.38 


Measured  in  looking'  for  tho  precoding  jxiir,  H 
2955. 


H  203.     W  XII.  W.    6.8 


12.7 


R.A. 

=  12>'   8"" 

6') 

Decl. 

=    —   5» 

3'( 

1901.203 

351?9 

26  .'62 

.206 

351.3 

25.77 

.318 

350.7 

26.18 

1901.24 


,351.3 


26.19 


The  only  other  measures  are  : 
1878.24        351 ?6        30 '20 


1// 


The  principal  star  has  a  proper  motion  of  0 '184 
in  319?5,  which  evidently  does  not  belong  to  the 
small  star. 


Ho  52.     11  Comae. 

5. 

.  .  12.3 

R.A.   =12'-14"' 

39' 

! 

Decl.  =    + 18° 

27' 

1901.203                 45?4 

9' 15 

.299                  41.6 

9.16 

.356                 43.7 

9.13 

43.6 


9.15 


1901.28 

The  larf,''e  star  lias  a  proper  motion  of  0'145  in 
30S?3.  Comparing  these  positions  with  those  of 
Hough  in  1892,  it  is  very  probable  that  the  small 
star  has  the  same  movement. 

Albany  A.G.     D.M.(2°)2550.    8.5  ...  8.8 


R.A.   =  12" 25"'   5« 
Decl.  =    +    2    46 

1901.356  286?9 

.375  287.5 


1^40 
1.24 


1901.36  287.2  l..'?2 

Noted  "duplex?"  in  the  Albany  Catalogue.  This 
is  a  new  pair;  no  other  measures. 

Pritchett. 

R.A.    =  12 ''31'"    0»  ) 
Decl.  =    -    7'     0'  { 

A  double  star  is  given  in  this  place  in  the  Morri- 
.son  Observations,  76°8  :  5.'89  (1880.36)  In;  magni- 
tudes not  given.  I  carefully  examined  the  place  and 
vicinity  without  finding  an_y  pair  of  this  description. 
It  should  b(!  a  short  distance  p  the  5m  star,  26  Vir- 
ginin. 


H  522.     30  Comae. 

6  .  . 

.  11.7 

R.A.    =  12  MS-" 

,'>1' 

Decl.  =    +28° 

13' 

1901.318                  11?S 

42 '46 

..3.37                   11. '{ 

43. 22 

.356                  12.0 

43.08 

1901.34 


11.7 


42.92 


The  only  other  measures  are  10?0  :  43-17  (1878.15) 
III  p.  H  gave  the  magnitudes  6  and  18.  His  K.A. 
is  alwut  2.J"'  too  small.  The  proper  motion  is  0'115 
in  287?7. 
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S  Virginis.    3i  . 

.  .  10.5 

R.A.   =  12»-19"' 

.34'  I 

Decl.  =    +    4" 

.T  \ 

1901.203               139^2 

1.57^81 

.263               140.2 

158.26 

.414               139.4 

158.13 

1901.29  139.6  168.07 

The  principal  star  ha.s  a  proper  motion  of  0'499  in 
263°  1.    The  only  other  measures  are  : 

1879.30        142'?3        152  .'03        2»t        ^ 

The  computed  place  of  the  companion  for  1901, 
from  the  first  measures  and  the  proper  motion,  is 
139?9:  158-00. 


H  2645.    53  Vi 

•gin  is.     I 

5  =  11.8 

R.A. 

=  1.3 

h     5m4()s 

( 

Decl. 

=    - 

-  15'  as- 

1901.299 

7?3 

77. '59 

.318 

6.9 

76.52 

.356 

7.8- 

77.16 

7.3 


77.09 


1901.32 

No  other  measures.  H  estimates  30° ±  :  50"± 
(1830).  The  large  star  has  a  proper  motion  of  0'289 
in  164?8. 


OS  261 

R.A.    =  13"   6  "-24  = 
Decl.  =    +  32'  31 ' 

1889.288  344? 9 

Sh  162.     7.2  ...  7. 


1.'45 


R.A. 

=  13"   8°'.39'  ( 

Decl. 

=     -  10°  43'  \ 

1902.145 

50?  8 

71fl4 

.219 

50.5 

71.30 

1902.18 


50.6 


71.22 


The  principal  star  has  a  proper  motion  of  0.'388 
in  219?4.  The  components  are  respectively  L  24582 
and  24584. 


1823.34 
1881.37 

^IV.  119. 


61?7 
52.5 


44^85 
64.60 


III 
3ii 


Sh 


R.A. 
Decl 


S.D.(12°)3802.    7.5  ...  10 
13"  16"' 25 »  ( 


1902.145 
.219 


1902.18 


-  12    33'  \ 

312?2 
310.5 

311.3 


19'29 
19.04 

19.16 


The  companion  is  S.D.(12°)3801.  This  pair  has 
been  entirely  neglected  by  observers  since  5,  and 
the  only  measures  are  : 

1783.18        306?9        21  .'82        In        H 


S  1739  rrj.     D.M.(31  )2478.     9.2  ..  .  10 


R.A. 

=  13"16">57=  / 

Decl. 

=    +.31"     9    \ 

1902.145 

132?  7 

12 '93 

.219 

131.7 
132.2 

12.63 

1902.18 

12.78 

No  other  measmes 

75  Virginis.     5  .  .  .  13.5  . 

..12 

R.A. 

=  13"26'"275  I 

Decl. 

=     -  14°  45'  \ 
A  and  B 

1902.145 

321  ?0 

18^82 

.219 

319.3 

18.98 

1902.18  320.1  18.90 

A  and  C  (=H2658) 

1902.145  109? 9  79^74 

.219  110.1  79.50 


1902.18                 110.0  79.62 

The  faint  star  not  previously  seen.     The  only 
complete  measm'es  of  AC  are  : 

1879.31        110?1        78.'29  2«        p 


2  1757 

R.A. 

=  13"  28"    9^^  I 

Decl. 

=    +    0°  18'  \ 

1901.203 

76?  7 

2f41 

.263 

78.8 

2.59 

.280 

78.9 

2.35 

1901.25 


78.1 


2.45 


Although  two  orbits  have  been  computed  of  this 
pair,  the  motion  seems  to  be  piu'ely  rectilinear,  the 
change  being  due  to  the  difference  of  the  two  proper 
motions.  That  of  the  principal  star  is  0'270  in 
277?9.    (See  Popular  Astronomy,  IV,  172.) 


H2659 

R.A.    =  13  "28  ■"11'^  I 
Decl.  =    +  40'  .33'  \ 

The  description  in  H  is  315"  ±  :  10"  :  8-9  ...  18 ; 
"  requires  verifying."   I  could  not  see  this  companion 
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with  the  ISHn.  in  1878,  nor  with  the  40-in.,  1901.20. 
The  nearest  star  is  13m,  202?3  :  38-7.  It  is  probal)le 
that  H  wa.s  mistaken.  His  place  is  that  of  D.M.(40°) 
2666,  given  as  7.im. 


pen 


R.A. 

=  la'-.si"!.^' ) 

Decl. 

=    -  U      !■  \ 

1901.299 

260?  5 

4^56 

.356 

260.1 

4.79 

1901.33 


260.3 


4.67 


Measured  in  looking  for  the  Egljert  pah-. 


H  2666.    S.D.(14  )3763 


R.A. 

=  13''32n'    2 

i 

Decl. 

=    -  14°  13' 

,  1901.299 

177?6 

13^83 

.318 

179.4 

14.87 

.356 

182.4 
179.8 

14.19 

1901.32 

14.30 

H 

gives  176?7  :  8"±  :  9  .  .  .  15  (1830). 

Egbert 

RjV. 

=  13"34"'   : 

\ 

Decl. 

=  -  14°  26'  : 

\ 

Measured  once  at  Cincinnati,  .349?3  :  11 '70  :  9  .  .  . 
10  (1879.30).  There  is  no  such  pair  in  or  near  this 
place.  About  2"'/  there  is  a  small  pair,  0?5  :  15'43  : 
8.5  .  . .  13.5  (1901.3.5)  In.  This  star  is  S.D.(14°)3783. 
The  descriptions  do  not  corre.spond.  /3  611  is  in  the 
same  vicinity. 


S  1774  rej.    7  . 

.  .  10.5 

R.A.  =13''35"' 
Decl.  =    +  5r 

39») 

7'    • 

1901.337               1.33?  7 
.356               134.1 

17^87 
17.83 

1901.34  133.9  17.85 

The  principal  star  is  given  in  Harvard  A.G.  a 
projjer  motion  of  0'172  in  305?  1.  The  only  prior 
measures  are : 

1879.26        134?2        17^93        In        /3 

The  distance  now  should  be  3 '7  more,  if  the 
proper  motion  is  correct  and  the  small  star  is  fixed. 


H  2676.     D.M.(50  )2021.    ' 

R.A.   =  13":38'"12' 
Decl.  =    +50°  38' 

1901.337  126? 0 

.3.56  125.0 


1901.34 


125. 


.8  .  .  .  9.7 


29  .'67 
29.66 

29.66 


Recently    measiu'ed    by    Espin.      Nothing    else 
since  H. 


S  1782. 

R.A.   =13" 39-"  22^ 
Decl.  =    +18-58' 

1902.145               185? 6 
.219               185.0 

29^72 
29.67 

1902.18  186.3  29.69 

No  recent  measures,  but  imchanged. 

Howe.    D.M.(6°)2824.    9  .  .  .  9.1  .  .  .  11 


R.A. 

=  IS'-ST-" 

22^  } 

Decl 

=    +   6° 
A  and  B 

22'  \ 

1901.203 

65?  6 

0^93 

.263 

64.9 
65.2 

0.92 

1901.23 

0.92 

AB  and  C 

1901.203 

189?3 

14^33 

.263 

188.7 

14.20 

1901.23  189.0  14.26 

No  recent  measures.    Probably  unchanged.   Iden- 
tified as  above. 


R.A. 
Decl 


1901.203 
.263 

1901.23 


i;  1801 

=  13''.59"i 
=    +    6° 

67?  5 
68.4 

67.9 


■I 


19'51 
19.72 

19.61 


Howe.    S.D 

(12')39.58. 

8. 

2. 

.  .8.7 

R.A. 

=  13'>59"' 

,30  •> 

1 

Decl. 

=    -  12° 

;«' 

1901.203 

7?  5 

13^46 

.226 

7.6 

13. 34 

.299 

7.6 

13.  M 

1901.24 


7.6 


13. 38 
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The  original  place  is  ouly  approximate.  Tiie 
R.A.  is  alxjut  2'"  in  error.  Tlit>  ouly  other  measiues 
are  in  1879.     Apparently  fixed. 


13  Bootis.    9  VI.  112.    5 


R.A.    =  U"   3"- 
Decl.  =    +  50° 

1902.219  274?3 

.222  274.4 


!■  \ 


9.5 


8i:i4 

80.99 


1902.22  274.3  81.0fi 

The  companion  is  preceding  the  other.  The  only 
measm'es  are : 

1783.63        82?6        77^97        In  ? 

1879.33        95.0        83.47        hi  Cin 

The  proper  motion  of  the  principal  star  is  very 
small,  0-06  in  323°. 


S1807 

R.A. 

=  11 '>   5™ 

6=) 

Decl. 

=    -    2- 

46'  i 

1901.203 

28?  8 

6^88 

.299 

26.0 

6.88 

1901.25 


27.4 


H  1248.     12 

R.A.    =  14"   I 
Decl.  =    + 


.  12.2 

58'  ) 
54'  \ 


1901.356 
.370 


1901.36 


163?2 
163.9 

163.5 


6.88 


7^90 
7.99 

7.94 


H 

says, 


gives  .340°±  :  2"±  :  16  .  .  .  16.17  (1828),  and 
'  The  most  minute  double  star  I  have  hitherto 
seen."  It  is  a  little  s  of  the  9.4m  star,  D.M.(8°  )2834. 
As  in  nearly  all  cases  of  this  kind,  H  greatly  under- 
estimated the  distance. 


10.0 


Howe.     D.M.(24')2711. 

R.A. 

=  14  I'll™ 

Decl. 

=    +24' 

1902 

145 

79°2 

219 

78.6 

1902.18 


78.9 


3. '35 
3.48 

3.41 


Howe  (Cin.^)  measured  a  pair  in  this  place,  193?7  : 
5'42  :  8.5  .  .  .  10.5  (1879.35)  In.  Unless  there  is  a 
large  error  in  the  measure  or  the  place,  there  would 
seem  to  be  considerable  relative  motion.  There  is 
no  other  pair  in  the  vicinity. 
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Espin.    D.M.(5 

2  )1792. 

9.  . 

.  10.3  ...  9 

R.A. 

=  line"' 

15* 

I 

Decl. 

=  +52° 
A  and  B 

1.3' 

\ 

1902.145 

46?  8 

V15 

.219 

47.8 

1.68 

1902.18 

47.3 
AandC 

1.71 

1902.145 

170?  6 

40.-83 

.219 

170.1 

40.86 

1902.18 


170.3 


40.84 


Discovered  by  Espin.    No  other  measures  of  AB. 
The  A.G.  positions  give  for  AC  190?1  :  41^75  (1875.7). 


H2714.     (=Ho385). 


11 


R.A. 
Decl. 

=  14'' 17"" 
=    -  19° 

18  5 
15' 

1901.263 

.280 

280°  1 
278.4 

23-09 
23.05 

1901.27 


279.2 


23.07 


The  angle  seems  to  be  increasing  ;  266?4(1830)H  ; 
276?l(1879)/3;  277?0(1891)Ho.  The  principal  star  is 
L  26283. 


H  546.    S.D.(12  )4042.    7 


10.4 


R.A. 

=  14"  18-"  48*  I 

Decl. 

=    -  12    49'  \ 

1902.145 

42?6 

39^35 

.219 

42.2 

39.43 

1902.18 


42.1 


39.39 


The  E.A.  in  H  is  4'"  too  small,  and  the  Decl. 
about  1°  too  small.  He  called  the  components  red 
and  blue.     No  other  measures. 


2  1852  rpj.    B.A.C.  4799. 


R.A. 

Decl. 


1901.225 
.263 


1901.24 


14  •'23 -"45  = 
-    3°  43 

267?9 
268.1 

268.0 


.9.5 


24^74 
24.63 

24.68 


No  early  measures.    j3  268°1  :  25'16  (1879.30)  Sn. 
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Measubes  of  Double  Stabs 


H2728.    p 


Decl. 


1902.145 
.219 


Bootis 

:    +30°  54 

335?  9 
335.8 


12.5 


4'  \ 


50^14 
49.98 


1902.18  335.8  50.06 

Meridian  positions  give  for  the  proper  motion 
O-'lSl  in  316?9.    The  earliest  complete  measures  are: 
1879.87        334?0        53^25        2n        p 


Hd  Zones.    D.M.(1°)2964 

R.A.    =14"  35".  38s  i 

Decl.  =    +    0-  54^  ^ 

In  Harvard  Zones  "  appeared  elongated."   I  could 

see  no  sign  of  duplicity  (1901.20).    If  double,  it  must 

be  very  close. 


Shi 

86.    a  Librae 

R.A. 
Decl. 

=  14 '-44 ""12^  I 
=    -  15'  32    \ 

1901.280 
.299 

314?0 
314.2 

231 r08 
230.97 

1901.29  314.1  231.02 

No  recent  measures.  The  smaller  star  is  8  Librae. 
Auwers  gives  0.'168  in  2.37?6  for  the  p.m.  of  A,  and 
0-1.53  in  241?9  for  the  other. 

1755        314?9        231  .'18        Bradley 

1823        314.5        230.85        Sh 

1880        314.4        230.70        Gr.  10-year 


H  564.     D.M.(29')2618.    8 

R.A.   =  UhSg"  11* 
Decl.  =    +  29°  .33' 


1901.206 
.225 


1901.21 


32?  9 
32.6 

32.7 
:6 


11.4 


41.-18 
41.34 

41.26 


H  gives  20' ±  :  15"±  :  6  .  .  .  20  (1820).  There  is 
no  bright  star  in  his  place.  The  one  measun-d  lias 
the  same  R.A.,  but  is  about  20  s,  and  is  probably 
the  star  in  question. 


2  1936. 

D.M.(27  02478 

R.A. 

=  15"  16"   2^  |f 

Decl. 

=    +27-  28'  <f 

1901.206 

2.31?  5 

20.'36 

.318 

232.0 

20.30 

1901.26 


231 . 


2fJ.:i3 


No  recent  measures,  and  only  Ma  and  J  since  2. 
Put  on  the  list  to  identify  and  get  correct  place. 
EiTor  in  Mens.  Microm.     Without  chanee. 


OS(App.)140.    8...  8 

R.A.    =  15"  26"  38^  ) 
Decl.  =    +    8°  59'  i 

1901.471  179? 7 

.512  179.8 


1901.49 


179.7 


111-96 
112.32 

112.14 


The  only  other  measures  are  by  J,  179?9  :  111 '85 
(1874.97)  2».  The  components  are  L  28309  and 
28310. 


Y  Librae.    4.5  . 

.  .  11.7 

R.A.    =15  "28"' 

48»  I 

Decl.  =    -  14° 

23'  \ 

1901.471                 152? 5 

42^04 

1902.219               152.9 

41.81 

1901.84 


152.7 


41.92 


Companion  first  noted  by  Goldschmidt  {Comp. 
Rend.  LVI,  845).    The  only  previous  measure  is  : 
1878.. 32        1.51  ?8        41  ^31         \h        /s 


02  297.    8...  11.5 

R.A.    =  15  "29 '"40^  ) 
Decl.  =    +  25°  25'  J 

1901.318                138?6 

4^24 

.320                136.2 

4.81 

.395               137.1 

4.77 

1901.34 


137.3 


4.61 


The  change  is  due  to  proper  motion.  I  do  not 
find  this  is  given  from  meridian  positions.  From  all 
the  measures  Hussey  gets  0.'149  in  156?5  for  the 
movement  of  A. 

W=  XV.  752  =  D.M.(2302838 

R.A.    =  15".33"'10'^  / 
Decl.  =    +23'     4'  \ 

Noted  in  Weisse  "duplex?"  A  7.4m  star,  and 
certainly  not  double  (1901.28). 


D.M.(4°)3055.    8.5.. 

9.0 

R.-V.   =  15  ".39 '"22* 

\ 

Decl.  =    +    4'  55 

\ 

1901.375               146? 3 

2-19 

.395               144.9 

2.09 

1901.38 


145.6 


2.14 


36 


S.  W.  Burn  HAM 


37 


Noted  as  double,  160"  :  2',  in  the  Albany  A.G. 
Not  in  any  double-star  catalog-ue,  and  no  other 
measures. 


Pritcliett.     D.M.(36  )2640.    9 

R.A.   =  15''40">12='  I 
Decl.  =    +.35°  59'  \ 

1901.. 359  M?4 

.395  46.0 


1901.38 


45.2 


4.-46 

4.58 

4.52 


Discovered  by  Pritchett,  who  found  45?  1  :  8 '94 
(1881.52)  hi.     No  other  measiu'es. 

Skinner.     S.D.(16"J4169.    8.5  ..  .  8.7 


R.A. 

=  1S"4S"'32»  ) 
=     -  16°  52'  \ 

Decl. 

1901.455 

275°  2 

2-02 

.471 

273.0 

2.00 

1901.46 


274.1 


2.01 


Noted  as  double  by   Professor   Skinner  at   the 
Naval  Observatory.     No  other  measures. 

H  1281.     L  28977.    7.1  ..  .  11 


R.A. 
Decl. 

=  15'- 5(1"' 17*  / 
=    -  15"  41    \ 

1901.280 
.299 

230?  9 
231.3 

34:43 

34.38 

1901.29  231.1  34.40 

H  estimated  215°  :  18"  :  6  7  ...  20.     The  oul.\ 
other  measures  are  229?8  :  35^12  (1890.36)  hi  /s. 

W-  XVI.  2.    8.4  ..  .  9.2 

R.A.    =16''   2'"27'  / 
Decl.  =    +20    42'  ( 

1901. .356  224?6  12'12 

.375  224.9  12.22 


1901.36  224.7  12.17 

In  Weisse  "duplex  12"."     No  other  measures. 


S2017 

R.A.    =  16"   6'"37> 
Decl.  =    +  14°  52' 

1900.455  252? 9 

.458  252.8 


1900.45 


252.8 


26^64 
26.55 

26.60 


Perhaps  a  small   change  in  distance.     S   found 
25'03  (1831.42),  and  A  25^95  (1867.65). 


S  2018  rej.     S.D.(7  )4234. 
R.A.    =  161'    7"'  10' 
Decl.  =    -    7°  20' 

1901.359  355? 3 

.375  355.8 

.455  355.0 


.9.1 


1901.39  355.4 

No  other  measures.     Identified  ; 

S  2019  n-J.  S.D.(10  )4276. 
R.A.  =  16''  7'"  42  = 
Decl.  =    -10      7' 

1900.455  162? 7 

.458  153.0 


19^51 
19.36 
19.60 

19.51 
i  above. 

8  ...  9.2 


1900.45 


152.8 


22f48 
22.25 

22.36 


The  only  other  measures  are  in  the  Washington 
Observations  of  1862,  109?2  :  19^1  (1862.7).  This 
niav  be  another  star. 


9.7 


S  2031  />:/.     D.M.(-1°)3761. 

7.6  ...  9 

R.A.    =  16'' 10'"    9» 

Decl.  =     -    1     21' 

1901.359               230? 2 

20f80 

.395               229.5 

20.85 

.416               230.0 

20.66 

1901.39  229.9  20.77 

No  other  measures;  Class  IV  in  2.  The  principal 
star  is  L  29649,  and  has  a  proper  motion  of  0^105  in 
270°. 

a  Coronae 

16"  10"  12=  * 
+  34°  10'  \ 

A  and  B  (=2  2032) 
1901.263  213? 6  4^34 

.320  212.8  4.30 

4.32 


R.A. 
Decl. 


1901.29  213.2 

B  and  C  (=  02  538) 
1901.263  202?7  5'58 

The  distance  of  the  13.5m   star  is  diminishing 
from  the  proper  motion  of  AB. 

S  3103  rej.     S.D.(3°)3921.    8.8  ..  .  9.7 


R.A. 

=  16''14"'24=  / 

Decl. 

=    -    3'  40'  \ 

1901.395 

305?  3 

24 '18 

.414 

304.9 

24.56 

1901.40  305.1 

No  other  measiures. 
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Measures  of  Double  Stars 


P  624 

Decl.  -    -  22° 

1901.359  320?4 

.433  323.5 


1.'19 
1.21 

1.20 


1901.40  321.9 

Obsened  in  trying  to  find  H  4851. 

Anon.    S.D.(3')3929,  3930.    7.6  ..  .  8.7 


R.A.    =16n6'"14'> 
Decl.  =    -    3°  58'  \ 

1901.375                 22?4 

99-70 

.416                  22.5 

99.97 

1901.39 


22.4 


99.83 


Measured  in  connection  with  S  3103  rej.  The 
meridian  positions  in  Lament  give  22?7  :  92 -'44 
(1855.5). 


R.A. 
Decl. 


H4851 

=  16'' 17"'    7> 
22°  45' 


The  description  in  H  is  96?9  :  IS'i  :  8  .  .  .  11 
(1837.2).  I  looked  in  vain  for  this  object  in  1891, 
and  again  in  1901.  There  is  no  such  .star  in  or  near 
this  place.  I  see  now  that  there  is  an  error  of  1''  K.A. 
in  this  place,  and  that  the  star  is  identical  with 
H  4948,  which  is  17"  H- 10=;  -22  42  .  The  de- 
scriptions correspond  perfectly.  Measur&s  of  that 
will  be  found  here  in  the  proper  place. 


S  2038  n-j.    D.M.(2')3091.    8.6  ..  .  10.4 

R.A.    =  16"17"'29^  / 
Decl.  =    +    2^  30'  S 

1901.455  214? 7  16. '49 

.471  213.7  16.41 


1901.46 
No  other  niea-^nrfs. 


214.2 


16.45 


2  2042  rej.    D.M.(6')3225.    8.3  .  .  .  11.1 

R.A.    =16M9'"56'  ( 
Decl.  =    +    5'  59'  J 

1901.375  108?9  20'2H 

.395  108.3  20.58 

.414  109.4  20.20 


1901.39 
No  other  measures. 


108.9 


20.35 


815.     D.M.(43  )2605.    8.3  ..  .  10.5 

R.A.   =  16"  2.3'"  16 »  ) 
Decl.  =    +  43'  11    \ 


1901.375 
.395 
.397 
.111 
.416 


9'19 
9.09 
9.22 
9.13 
9.28 


1901.40 

340.56 

A  and  C  (C  =  11.5) 

9.18 

1901.375 

160°4 

67^71 

.395 

160.4 

67.79 

.397 

160.6 

67.95 

.414 

161.5 

67.55 

.416 

160.6 
160.7 

67.80 

1901.40 

67.76 

BandC 

1901.375 

160?  3 

76^95 

.395 

160.3 

77.40 

.39,7 

160.7 

77.15 

.414 

160.9 

77.09 

.416 

160.5 

77.23 

1901.40 


160.5 


77.16 


It  will  be  remembered  that  B  has  a  large  proper 
motion  for  so  small  a  star.  I  have  measvu-ed  the 
faint  star  C,  which  is  exactly  in  line  with  AB,  for  the 
purpose  of  determining  whether  any  of  the  change 
in  .\B  is  due  to  the  movement  of  A.  I  have  also 
eomijared  the  latter  star  with  D.M.(43  )2t;()S,  and 
Kiid  for  the  difference  of  Declination  22'52  (1901.11). 
This  difference  in  the  A.G.  is  22.'2,  so  that  it  is 
practically  certain  that  A  has  no  apjireciable  proper 
motion.  My  measures  of  AB  in  188],  and  those 
given  here,  give  for  the  proper  motion  of  B,  0-147  in 
323?3. 


Sh233 


R.A. 

=  10"  25'" 

4.-5') 

Decl. 

=    +    8> 

.3.rl 

1900.551 

71?3 

58^90 

1901.210 

71.1 

58.80 

1900.88 


71.2 


58.85 


[{•■latively  fixetl.  71?8  :  58-'86  (1858.48)  2/i  OS. 
In  1H74  I  thought  that  one  of  the.se  stars  was  a  clo.se 
double,  but  Iwth  were  round  in  the  last  measure 
with  fine  seeing. 
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Hd  Zones.    L  30078.    9 

R.A.   =  16 "26'"  ID'S 
Decl.  =    +    0'  28' 

1901.375  305? 7 

.414  303.3 

.455  305.7 


9.1 


6f94 
6.94 
6.92 


1901.41  304.9  6.93 

Noted  as  double  in  the  Harvard  Zones,  and  also 
in  the  Gottingen  Catalogue.  No  other  measiu-es. 
In  the  field  about  3's  is  a  10m  star  with  a  double 
compauiou. 


H  4864.     S.D.(6°)4457.    9.5  ..  .  12.8 


R.A.   =  16>'26" 
Decl.  -    -   6' 


4S' 
19' 


AandB 

1900.455 

91U 

10^07 

.458 

89.8 

10.25 

1901.433 

87.7 
89.6 

10.39 

1900.78 

10.24 

A  and  C  (C  =  14..5) 

1900.455 

134?  8 

13-55 

.458 

140.4 

13.22 

1900.45 


137.6 


13.38 


Simply  described  in  H  as  "  triple  Classes  I  and 
II."     There  is  a  10m  star,  231?3  :  73^2. 


2  2062.    8.4  .. .  10.5 

R.A.    =  16i>28'"42=  ) 
Decl.  =    +    8°  56'  i 

1900.458  111?5 

.551  113.6 


1900.50 


112.5 


2f55 
2.50 

2.52 


The  only  measiu-es  since  1857  are  my  own  in  1880. 
There  is  no  change. 


Young.     D.M.(58"')1646.    8.2  ..  .  9.5 

R.A.    =:  16"29"'26»  ) 
Decl.  =    +58^    1'  i 


1901.375 
.433 

216?5 
214.9 

215.7 

Professor    Young, 

ir30 
1.48 

1901.40 

Discovered    by 
(1883.76)  In. 

1.38 
219?5 

1^59 


S  2069  rej. 

R.A. 
Decl. 


1901.356 
.375 
.395 

1901.37 
No  other  measiu-es. 


L  30278. 

=  le^.Sl"- 

=    +34° 

72?  6 
71.8 
71.1 

71.8 


6.8  ..  .  10.4 

4'  \ 

26^82 
26.56 
26.62 

26.67 


S  2081  rej.     L  30416.     7.8  ..  .  10.5 


R.A.    =  16" 37"-    4  = 
Decl.  =    +   3'  41' 

1901.375  321? 9 

.414  322.2 


1901.39 


322.0 


21^31 
21.40 

21.35 


A  more  distant  companion  of  about  same  magni- 
tude, 178?2  :  42 '3.     No  other  measures. 


S  2093  rej.     t]  Herculis.     , 

3  ...  12 

R.A.    =  16"38">47» 

Decl.  =    +39'     9' 

1901.337               262? 2 

114f27 

.356               262.2 

114.27 

1901.34 


262.2 


114.27 


Principal  star  round.     The  only  measm-es  of  the 
small  star  are  261?1  :  113^39  (1879.27)  In  fr 


Skinner.     S.D.(17°)4630.    8.4  .  .  .  8.5 


R.A. 

=  16 '■  .39- 20''  / 

Decl. 

=    -  11'     8'  5 

1901.455 

86?  7 

3^46 

.473 

85.5 

3.69 

1901.46 


86.1 


3.57 


Discovered  by  Professor  Skinner  at  the  Naval 
Observatory  with  the  meridian  instrument.  No 
other  measures. 


H  1294.     L  30509. 

7  .  . 

.12.5 

R.A.    =  16  "40"' 

56  = 

Decl.  =    -  24° 

19' 

1900.455               131? 3 

24f95 

1901.433               132.3 

25.03 

1900.94  131.8  24.99 

No  other  measures.  H  gives  135°±:18"±:7 
...  17;  "large  star  red."  To  me  it  appeared  yellow 
only. 
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Measures  of  Double  Stars 


2  3108  nj. 

L  30945.    8.4  . 

.  .9.0 

R.A. 

=  16'"55"'43*  I 

Decl. 

=    -  11°  43'  S 

1901.455 

124?  8 

39^60 

1902.219 

124.7 
124.7 

39.73 

1901.83 

39.66 

No  other  measxires 

Howe.    S.D.(10  =  )4619.    8.7  .. .  12.7 


R.A.    =  16 "SB"  41' 
Decl.  =    -  20=  13' 


1900.455 
1902.430 

1901.44 


177.4 


6^15 
6.21 

6.18 


The  only  prior  measure  is  a  single  obseivatiou  of 
the  position-angle  182^6  (1879.55),  with  only  ap- 
proximate place.  H  4911,  which  is  about  '2h'"p  of  this, 
was  suspcctttl  b}"  H  to  have  a  small  companion.  I 
have  lookitl  for  it  several  times.  It  is  certainly 
single.    His  place  is  that  of  O.Arg.S.  16213. 

H  2804.    y.5  ...  9.6 


R.A. 
Decl. 

=  17'>  0">31>  I 
=    +39'     9'  i 

1902.219 
.433 

277?7 

277.8 

15. '14 
15.19 

1902.32  277.7  15.16 

Not  in  D.M.     Previous  measures  discordant. 
1830+  283° 8        20- ±        1«        H 

1880.48        280.4        17.25        2»i        Bigourda 
1900.53        278.3        15.44        2>i        Espin 

S  2144  rej.     S.D.(7  J4419.     7.6  ..  .  10.2 

R.A.   =  nnO"'."^?'  / 
Decl.  =    —    7'  44    \ 

1901.375  182?8  25.'65 

.414  182.4  25.25 


1901.39 


182.6 


25.45 


The  only  other  measure  is  a  single  observation  by 
Mitchell,  4?0  :  25'73  (1848.60).  The  angle  should  lu- 
re versed. 

Z  2149. 


R.A. 

=  17'' 13'"  .32-  / 

Decl. 

=    -    6°  18'  \ 

1901.203 

24n 

7. '34 

1902.430 

24.8 

7.42 

1901.81 


24.4 


7.38 


The  previous  measures  of  this  pair  are  very  dis- 
cordant in  distance,  but  there  is  probably  no  change 
since  S,  who  found  23?2  :  7-47  (1830.15). 


ff  544.     72  HercuUs.    5 

R.A.  =  n^ie^iO' 

Decl.  =    +32=  38' 
A  and  B 


9.6 


1900.473 

332?  6 

207^33 

.476 

332.0 
332.3 

207.76 

1900.47 

207.54 

BandC  (C  =  12..j) 

1900.473 

2i6n 

8r64 

.476 

217.5 

8.73 

1900.47 


216.8 


8.68 


The  change  in  B  is  due  to  the  proper  motion  of 
A,  1'037  in  174?1.    No  other  complete  measures  of  C. 


±1  tato.    ^.u 

[zz  )ta-ii. 

0..3  . 

.  .  y.o 

R.A. 

=  17"  17"' 

9^) 
41'  \ 

Decl. 

=    -  22' 

1901.433 

106?  2 

12^91 

.455 

105.2 

i;$.37 

.512 

104.8 

13.13 

1901.47  105.4  13.14 

H  4851  has  an  error  of  1''  in  the  R.A.  and  is  iden- 
tical with  the  pair  measurctl. 


OS  329  rej.    (=  S  688).    L  31771 

R.A.   =17'>20"'17»  } 
Decl.  =    -f  37      3'  \ 


1900.4.58 

12?7 

32.-74 

1901.320 

12.2 
12.4 

32.62 

1900.89 

32.68 

^'ithout  change. 

H1299.     L3] 

78;5.     7  . 

.  .  12. 

.  .  12.6 

R.A. 

=  17''21"' 

12» 

.59'  : 

Decl. 

=    +26° 

A  and  15 

1901.375 

21  ?0 

50 '53 

.395 

19.9 

50.78 

1901.. 38 


20.4 


.W.65 
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A  and  C 

1901.375 

57?5 

52^69 

.395 

57.6 

52.56 

1901.38  57.5  52.62 

H  gives  for  the  angles  20?7  and  60?5  (1828). 

S  2189  rej.     7.9  ..  .  10.3  ...  8.6 


R.A. 

=  17"  29"' 

37'^ 

Decl. 

=    +47' 
A  and  B 

58'  \ 

1901.356 

100?  5 

20:88 

.375 

100.0 

21.06 

.433 

99.4 
100.0 

21.27 

1901.39 

21.07 

A  and  C 

1901.356 

359?  6 

65:il 

.375 

359.2 

64.96 

.433 

359.9 

65.06 

1901.39 


359.6 


65.04 


A  and  C  are  D.M.(4802532  and  2533.    The  only 
measures  of  AB  are  98?5  :  20.'58  (1900.53)  2m  Espin. 


Hd  Zones 

R.A.    =  17"32'"14»  ) 
Decl.  =    +    0"  56'  J 

Notetl  as  "double  "  in  Harvard  Zones.  The  place 
is  that  of  the  9.2m  star,  D.M.(0°)3739.  It  is  not 
double. 


aKinner.    o.j. 
R.A. 

=  17>'35™20»  ( 

.  .  .  y.u 

Decl. 

=    -  15°  40'  \ 

1901.512 

275?8 

4 '33 

.586 

276.0 

4.29 

1901.55  275.9  4.31 

Discovered  by  Skinner  with  the  meridian  circle  of 
the  Naval  Observatory.    It  is  also  Hussey  184. 


S  2195  rej.    9  ...  9 

R.A.    =  17^36"'  13=  I 

Decl.  =    +21°  13'  \ 

1901.414               101?3 

21^60 

.416               101.0 

21.61 

1901.41  101.1  21.60 

No  other  measures.     In  the  field  2'  or  3'  p  S  2196. 


H  4986.     O.Arg.S.17253    8.2  ..  .  11.2 


R.A. 

=  17"  42"  50^  ( 

Decl. 

=    -26°  18'  \ 

1901.375 

226?  2 

10^26 

.433 

226.7 

11.04 

.452 

226.5 

10.56 

1901.42  226.5  10.62 

No  measures.  H  gives  330°±  :  12'±  (1834.3); 
probably  error  of  100  \  There  is  a  13m  star  5?4  : 
22^9,  and  12.5m  at  61  ?4  :  27^2. 

S2230 

R.A.    =  17''44">54=  ) 

Decl.  =    +    7°  57'  > 

A  and  B 

1900.458  108?8  37^52 

.515  109.1  37.72 


1900.48 

108.9 
A  and  C 

37.62 

1900.458 

83?  2 

45r45 

.516 

84.3 

45.50 

1900.48 

83.7 
BandC 

45.47 

1900.458 

208?  6 

19^26 

.515 

211.0 

19.06 

1900.48  209.7  19.15 

The  principal  star  has  a  small  proper  motion  of 
atout  0-'017,  which  increases  the  distances  of  both 
companions. 


H  4995.     L  32695.    6.7  . 

.11.7 

R.A.    =17i'47'"26=^  ) 

Decl.  =    -  11°  19'  i 

1900.551                154? 6 

28^60 

1901.263                156.1 

28.48 

155.3 


28.. 54 


1900.96 

H  has  140° ±  :  18 'i;  "a  third,  closer,  suspected." 
Neither  this  telescope  nor  the  185-in.  in  1878  showed 
any  other  companion. 


OS  (App)  160.    8.2  . . 

.8.6 

R.A.    =17 1' 47"- 46' 

I 

Decl.  =    +10'  59 

\ 

1900.468               190?8 

102^30 

.476               191.0 

102.14 

1900.46  190.9  102.17 

A  did  not  find  this,  and  there  are  no  other  meas- 
ures. The  components  are  D.M.(10  )3315  and  3314. 
The  A.G.  positions  give  191?6  :  100-87. 
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Measures  of  Double  Stars 


Holden.    L  32716.    6.7 


12 


RA. 

=  17''48»13»  I 
=    -  11°  37'  \ 

Decl. 

1900.551 

154?3 

3.'51 

.553 

150.0 

3.56 

1900.55  152.1  3.53 

Discoveretl  by  Professor  Holden  at  the  Washburn 
Obser^•atorv.     Unchanged. 


Bird.     O.Arg.X.17688.    9  .  . 

10.5  ...  9 

R.A. 

=  17'-52"'55> 

Decl. 

=    +67'     1' 
A  and  B 

1901.375 

325?4 

ir83 

.433 

326.3 
325.8 

11.65 

1901.40 

11.74 

A  and  C 

1901.375 

328?  5 

22.-28 

.433 

328.6 
328.5 

22.40 

1901.40 

22.34 

B  and  C 

1901.375 

333°  5 

10'28 

.433 

331.9 

10.35 

1901.40 


332. 


10.31 


The  wide  pair  AC  ''duplex  "  in  O.Arg.  The  faint 
star  between  discovered  by  F.  Bird  in  1869.  The 
only  other  measures  are  mine  in  1879. 


1:2253 

R.A.    =  17  "52  "-55' 
Decl.  =    +U°  38' 

1901.203  78?4 

.225  78.2 


1901.21  78.3 

Distance  slowly  decreasing. 


15.36 


02 

:  (App) 161 

R.A. 

=  17''.54"'29'  ) 

Decl. 

=    +    8°  52'  \ 

liJ(Jl.375 

76?  7 

62.-36 

.436 

77.2 

62.20 

.471 

76.8 

62.27 

1901.4.3  76.9  62.28 

The  only  other  mea.sures  are  by  A,  77?9 :  62'70 
(1874.98)  3n. 


W  XVII.  1120 
R.A.    =  17''55">22»  ) 
Decl.  =    -  14°  30'  i 

"Duplex"  in  Weisse.    This  is  S.D.(14")4860,  8.7ni 
Not  double,  and  no  near  companion. 


S698. 

L  33058.    7  ...  8 

R.A. 
Decl. 

=  17" 56""  57^  ) 
=    -  22"  30'  \ 

1900.551 
1901.263 

316? 1                29^70 
317.0               29.52 

1900.90  316.5  29.61 

No  other  measures  since  South,  317?4  :  30-92 
(1825.51)  2}i.  There  are  many  stars  in  the  held,  and 
several  nearer  than  B. 

H  5013.     S.D.(15")4801.    9.7  ..  .  11.7 
R.A.    =  17  "57™  38^  ( 
Decl.  =    -  15°     5'  \" 

1901.455  338?4 

.529  338.6 


1901.49  338.5 

The  only  observations  by  H,  339°  ± 

A.C.  15.     99  Herciilis 


13. 


R.A. 

=  18"   2"'28»  1 

Decl. 

=    +30°  23'  S 

1898.269 

317?5 

1:04 

.271 

322.4 

1.21 

.463 

320.8 

1.19 

1898.33 


320.2 


1.15 


Perry.    10.2  . . .  11.0 


R.A. 

=  18"   3"'  ±    ) 

Docl. 

=  +  9°  20±  i 

19(K).551 

313?  1 

3^28 

1902.433 

313.1 

3.37 

1901.49  313.1  3.32 

Not  in  D.M.    It  is  about  1"/  D.M.(9°)3565.    The 
only  other  observation  is  305?0  :  2r0  (1881.38)  Perry. 


12.9 


Alvan  G.  Clark. 

102  Herculis. 

5.J  .  .  .  1 

R.A. 

=  18"   3'"38» 

Decl. 

=    +20°  48' 

1900.458 

135?  9 

23-66 

.473 

135.6 

23.72 

1901.455 

136.5 

23.28 

v.n).n\ 


135.7 


23. 
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The  only  prior  measures  are  mine,  136°7  :  23 '42 
(1878.45)  1«.  This  angle  is  erroneously  printed  46?7. 
The  proper  motion  of  A  is  small,  0'015  in  212^9. 


R.A. 
Decl. 


1900.458 
1901.203 


S2285 

=  ISh   3"' 
=    +13' 

333°  6 
333.2 


3 '50 
3.45 


1900.83 

333.4                 3.47 

Without  change. 

No  late  measures. 

H593.     S.D.(17 

")5052.    8.2  ..  .  11.5  ...  9.5 

R.A. 

=  IS""   3'"485  I 

Decl 

=  -  n   10'  \ 

A  and  C 

1901.455 

303?4                18^15 

.512 

301.1                18.08 

1901.48  302.2  18.11 

A  and  B  ( =  Hussey  19.5) 
1901.512  75°  8  U14 

Close  pair  discovered  by  Hussey  in  1900.  No 
other  measures  of  H  593  except  Glasenapp,  300?9 : 
17^26  (1890.54)  2h. 


H  5030.     L  33330.    6  .  . 

10.8 

R.A.    =  18"   4-24'  } 

Decl.  =     -  23    44'  \ 

1901.263               287?  3 

41:65 

.586               287.3 

42.24 

1901.42  287.3  41.94 

The  only  other  measure  is  : 

1834.3        281?0        30"  ±         1h        H 


H  2820. 

9.5  ...  10 

7  .  .  . 

10.8 

R.A. 

=  18"   4- 

45^^ 

Decl 

=    -  18' 
A  and  B 

26    ^ 

1901.455 

279°  3 

5:58 

.529 

278.3 

278.8 

5.72 

1901.49 

5.65 

A  and  C 

1901.455 

82?  7 

12  .'87 

.529 

83.8 

13.10 

1901.49  83.2  12.98 

The  principal  star  is  S.D.(18'')4826.  The  only 
other  observations  by  H,  281?9  :  3"±;  90°0  :  8"± 
(1830). 


Z2291 


R.A. 

=  IS"   5™ 

53'  ) 

Decl. 

=    +34° 

oi 

1900.473 

339?  3 

27^01 

1901.299 

339.0 

26.85 

.320 

339.4 

26.53 

1901.03  339.2  26.80 

No  recent  measures.  Distance  increasing  ? 
1830.73  339? 2  25^12  2ft  S 
1868.02        339.2        25.90        4w        A 


H  1821.     S.D.(16  )4755.    9.2 

R.A.   =18"  5»54=  ) 
Decl.  =    -  16°  20'  I 


,9.6 


1901.529               278? 0 

SrOO 

1902.433               278.0 

7.62 

1901.98                 278.0 

7.81 

ha,s273°6:4"±  (1828). 

A  and  S.D.(16°)4756 

1901.529                 13? 6 

53 '07 

1902.433 
1901.98 


13.4 
13.5 


53.25 
53.16 


9  V.  93.     D.M.(28°)2955  and  2956 


R.A. 
Decl. 


1901.203 
.225 

1901.21 


18''   8"- 17  = 
+  28=  13' 

136?  4 
136.4 

136.4 


54^97 
54.43 

54.70 


The  only  measm'es  are : 

1783.65        135?7        47f77        l;;        ? 
1880.40        136.4        54.88        3ft        ^ 

The  Weisse  meridian  positions  give  132?9  :  54^10 
(1825).  Bigourdan  has  measui-ed  another  pair,  or 
the  distance  is  erroneous. 


H857. 

W 

XVIII.  192.     8 

.  .  11 

R.A. 

=  18"10'"53=  ) 

Decl. 

=    -    7=  20'  \ 

1901.452 

20?  3 

21 '49 

.509 

19.6 
20.0 

20.92 

1901.48 

21.20 

No  other  measures 

H  estimated  20'  :  15" 

15"  (1820). 
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Measures  of  Double  St.\rs 


H  5494.    B.A.C.  6213.    6 

R.A.   =18"  IS™  20* 
Decl.  =    +    7"  12' 

1901.416  69? 5 

.509  70.0 

.512  70.0 


ll.S 


1901.48  69.8  39.49 

Only  the    estimates    of    H,    65'  :  45'  :  5 
(1827.6J. 


15 


0.  Stone 

R.A.    =  IS'ie-  :       ) 
Decl.  =    -  18'  55'  \ 

Given  in  Cin*  with  this  place,  84?6  :  6-72  :  8.5  ..  . 
9.0(1879.30).  No  such  pair  in  or  near  this  place.  A 
plenty  of  faint  pairs  of  one  kind  and  another,  but 
nothing  answering  this  description  (1901.452).  The 
place  is  certainly  erroneous. 


S2311 

R.A. 
Decl. 

=  18"  16"  38') 
=    +11^  23'  \ 

1900.512 
.515 

158?  8 
159.1 

5. '65 
5.72 

1900.51  159.0  5.68 

The  motion  appears  to  be  rectilineiir. 

1830.30        170?7        8'65        hi        2 
These  p)Ositions  give  for  the  proper  motion  of  A 
0.'O17  in  191=2. 


H  5496.     L  34034 

18'' 20™  40'  ) 


R.A. 
Decl 


Given  in  H  as  6m  star,  "suspected  double  with 
180."  I  could  not  see  any  companion  with  the  6-iu. 
in  1876,  nor  with  the  40-in.,  1901.455. 


f  N.  125.     L  MOiS. 

8.0. 

.8.1 

R.A.    =  18  "21" 

.33'/ 

Decl.  =    -  25' 

7    \ 

1901.551                281?3 

2. '67 

.647               282.2 

2.75 

1900.60  281.7  2.71 

No  measure,s  by  5;  given  as  Cla.ss  I.    The  follow- 
ing are  all  the  measures;  di.stances  discordant : 
1889.77  W?0        rfi2         In        Ho 

1897.70        101. H        :!  ll        2h        See 


2  2332  / 

'J.     9.2 

.  .  11 

2 

R.A.   = 

=  18"  24" 

42') 

Decl.  = 

=    +64° 

50'  ( 

1901.433 

262?  5 

10-71 

.436 

263.7 

11.89 

.452 

262.3 

10.93 

1901.44 

262.8 

11.18 

)ther  measures. 

Not  in 

D.M. 

but  near  D.M 

(64)1267,  the  place  of  which  is  given  here. 


SchjeUerup.    D.M.(7  )3741.    8.9  . .  .  9.0 

18" 27"' 49'  ( 

+    7"  21'  \ 

1901.509  197? 7  46^02 

.512  197.6  45.64 


R.A. 

Decl. 


1901.51 


197.6 


45.83 


From  list  of  new  pairs  in  A.N.  1485,  the  distance 
given  34".  No  other  measures.  Both  stars  in  D.M. 
There  is  a  13.5m  star  from  A,  119'  :  14-5. 


112340 

R.A. 

=  18"28">30'  ) 

Decl. 

=    +  31°  30'  \ 

1901.433 

103?  9 

23-02 

.436 

103.3 

23.20 

.452 

103.7 

23.06 

1901.44  103.6  23.09 

The  change  appears  to  be  due  to  a  small  proper 
motion  of  one  of  the  stars. 

1830.43        104?6        2^51        3»        S 


OS  356  rej.     L  ;J4475 

R.A.    =18"  29"  20'  { 
Decl.  =    +40°     4'  \ 

1900.473  305?9 

1901.225  306.2 


1900.85 


306.0 


36ril 
35.98 

36.04 


Distance  slowly  decreasing  from  proper  modon. 
Other  recent  moiisures  by  Hussey. 


2  2345 

R.A.   =  18  ".10  "23' 
Decl.  =    +  20'  59 

1901.436  20,3?  8 

.452  204.0 


1901.44 

I{ect  i  11  nea  r  motion . 


8^58 
8.53 

8.55 


203.9 

:  found  1 85°  1 : 7  '38  (1832.25)  in. 
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2  2346 

R.A.    =  18 1- 31  ""27' 
Decl.  =    +    7'  26' 


1901.471 

.586 

1901.53 


291.5 


21 .  18 


The    motion    is   rectilinear,   distance  and   angle 
increasino;. 


1829.6-4        282?9 


15^41 


in 


These  measures  give  for  the  proper  motion  of  A 
0f091  in  132?5. 


S  2353  rej.     D.M.(58°)1823.    8.5  ..  .  11 


R.A. 

=  18 ".SI"- .36=  ( 

Decl. 

=    +  58=  41'  \ 

1901.299 

258?  5 

13^98 

.318 

258.8 

13.76 

1901.31 


258.6 


13.87 


The  only  measures  of  this  are  found  in  the  intro- 
duction to  Mens.  Microm.,  258?7  :  13-2  (1832.8). 
D.M.(58°)1824,  which  is  4'4s,  is  a  similar  pair  with  a 
little  less  distance. 


O.Arg.S.18506.    8  .  .  .  8.4  .  .  .  10.3 


R.A. 
Decl. 


1901.529 
1902.449 


18 ".32"'  28 5  ( 
-  25=  37'  \ 

AandB 

216?9 
217.1 


1901.98 

217.0 

A  and  C 

1901.529 

285?  7 

1902.449 

286.3 

1901.98 

286.0 

A  andD 

1901.529 

217?4 

1902.449 

217.9 

1901.98 


217.6 


7^36 
7.22 

7.29 


53.12 


80^78 
80.14 

80.46 


Noted  "duplex"  in  O.Arg.S.  and  "triple"  in 
Washington  Transit  Zones.  The  first  measures  from 
Washington  Observations,  1862,  do  not  agree  with 
the  present  positions  : 

1862.8        21'2?8  7-' 47 

1862.8        285.2        68.66 
1862.8        218.5        79.02 


g  IV.  59  =  S  2354  rej.    8.5  ..  .  9.0 
R.A.    =  IS" 32"' 45'  * 
Decl.  =    +,38'  .38'  \ 

1900.473  302?]  29^52 

1901.226  302.7  29.40 


1900.85  302.4  29.46 

Near  Vega.  The  only  other  measures  are  : 
1783.81  303? 9  22^33  hi  5 
1880.42        303.6        29.80        2»        S 


S  2350  rej. 

L  34569.    6.7 

.  .  11 

R.A. 

=  18"  33"' 30'  } 

Decl. 

=    -    1-  54'  \ 

1901.395 

196?4 

22fl6 

.452 

196.1 

22.18 

1901.42  196.2  22.17 

The  only  measures  are  : 

1848.64        194?8        24^54  1«        Mitchell 

1880.02        196.8        23.27  2/j        ^ 

S  2365  rej.     8.3  .  .  .  10.0 
R.A.    =  18"34">21'  I 
Decl.  =    -f  63°  .36'  \ 

1901.433       26? 1       19^58 


.436 


24.5 


19.84 


1901.43  25.3  19.70 

No  other  measures.  The  principal  star  has  a 
proper  motion  of  0'282  in  193?2  (Porter).  The 
movement  in  A.G.  is  0-306  in  189?3.  This  is  D.M. 
(63°)1439  (=  Groombridge  2630). 


H  1336. 

8.2  ..  .  11.5 

..  11 

R.A. 

=  18"  35™  52  = 

( 

Decl. 

=    4-30°  11' 

A  and  B 

1901.263 

87  ?4 

17^59 

.302 

86.7 

17.62 

1901.28  87.0  17.60 

A  andC 
1901.302  176?  7  32.'25 

The  only  other  observation  is  by  H,  89?0:8"±; 
300=±:15"±  (1828).  There  is  another  11m  star, 
295?9:32r6.    2  2.367  is  47=/. 


Ho  437 

R.A.    =  18 ".35"' 58  = 
Decl.  =    +31°  32' 
AB  and  C 
272?  1 
273.2 


1901.436 
.452 

1901.44 


272.6 


39 '61 
40.02 

39.81 
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C  and  D 

1901.436 

335?  8 

3r08 

.452 

336.5 

3.48 

1901.44  336.1 

Seeing  too  poor  for  AB. 


3.28 


H  1337.     D.M.(31')3330.    9.0  ..  .  11.6 
R.A.    =  18'<36"'22'  ) 
Decl.  =    +  31°  28'  \ 

1901.436  162° 4  9. '08 

.452  162.5  9.00 


1901.44  162.4 

Observations  of  H  only: 

1828+        174?9        6-± 


9.01 


In 


D.M.(45°)2667.    8.9  ..  .  12.5  .  .  .  9.9. 


R.A. 

=  18M1"'12'  / 
=    +  45°  43'  ) 

Decl. 

A  and  B 

1901. 2&3 

132?4 

2^66 

.299 

131.7 

3.15 

.302 

132.0 

3.02 

1901.29  132.0 

AandC  (=H  1.346) 

1901.263  216? 8 

.299  216.1 

.302  216.4 


2.94 


1901.29  216.4  24.37 

B  is  not  in  H,  and  was  first  noted  by  Espin  (A.N. 
3717).  who  found  135?9  :  2'73  (1900.62)  2». 

9  VI.  50.    6.4  .  .  .  12.5  ...  8 


R.A. 

=  18"  43"- 

15' 

• 

Decl. 

=     -    6° 

3' 

A  and  B 

1901.397 

359?4 

22^83 

.452 

m).:i 

23.  ;w 

.471 

361.2 
360.3 

23.49 

1901.44 

23.21 

A  and  C 

1901.397 

170?  6 

113^75 

.452 

171.0 

113.53 

.471 

170.7 

113.98 

1901.44  170.8  113.75 

The  Hmall  star  B  was  first  noted  with  the 
The  only  measures  are  : 

1879.37        356?8  22r53        1h        P 

1879.35        170.5        113.98        2»         /» 
A  and  C  are  S.D.(6  )4922  and  4923. 


6-in. 


H  1353.     D.M.ar)3654.    9.0  . 

.  .9.6 

R.A.    =  18''48">42'  ) 
Decl.  =    +11°     9'  i 

1901.359               208? 0 
.397                206.6 

8^41 
8.26 

1901.38  207.3  8.33 

The  only  measures  are  : 

1828+  212?2        5-±  In        H 

1879.45        208.1        8.41  2h        Ciu 

Howe  (Cin'^)  has  a  close  pair  in  this  place,  209?  1 : 
0^94  (1879.31)  In.  There  is  no  close  double  here, 
and  it  is  undoubtedly  an  error  in  reading  or  printing 
the  distance. 


Lewis 
R.A.    =  181' TK)'"         > 
Decl.  =    +  34^  30'  \ 

This  pair  has  the  above  place  for  '\90()(M<)n.  Kof., 
LX,  510)  with  the  following  measure  : 

1899.44        84?6        5^3        8.0 ...  10.0        \n 

The  place  is  substantially  identical  with  that  of 
the  7.9m  star,  D.M.(34  j3;}46.  This  star  was  exam- 
ined on  two  nights,  and  the  stars  in  the  vicinity  as 
well,  but  no  jjair  found  to  answer  the  description. 


p647 

R.A. 

=  18'T)0'" 

29 

! 

Decl. 

=    +1,3° 

27' 

A  and  B 

1900.512 

16?  1 

ir07 

.515 

14.6 

0.87 

1900.51 

15.8 

A  and  C 

0.97 

1900.512 

217?3 

19:01 

.515 

217.6 

19.03 

1900.51  217.4  19.02 

Change  in  the  distance  of  C  is  confirmed  by  these 
measures. 


R.A. 

Decl. 


1900.473 
.553 
.703 

1901.203 

1900.73 


p648 

r=  18  "52 '".30-^ 
=    +32°  45' 

215?3 
225.6 
229.9 
218.3 

222.3 


1  -21 
1.40 
1.37 
1.07 

1.27 
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H  1357.     D.M.(45=')2799.    8.0  ..  .  10.5 


R.A. 

=  18" 53"- 34"  I 

Decl. 

=    ■+  45°  42'  \ 

1901.433 

213?  2 

26:7.5 

.452 

211.9 

26.92 

1901.44  212.5  26.83 

The  oulj'  prior  measures  are  : 

1828+        210?8        16"  ±        In        H 

2  2427 


R.A. 

=  18 ''.53"' 

.57 

1 

Decl. 

=    +38' 

4 

AandB 

1900.473 

61?3 

48^54 

1901.225 

61.8 
61.5 

48.55 

1900.85 

48.54 

BandC 

1900.473 

79?3 

7^04 

1901.225 

78.9 

7.32 

1900.85  79.1  7.18 

No  change  in  BC,  but  the  distance  of  AB  is  in- 
creasing. A  comparison  of  these  measures  with  2's 
gives  tor  the  proper  motion  of  A  0^064  in  the  direc- 
tion of  41°. 


A.G.C.  9.     -y  Lijrae 


R.A. 


18 ''54'"  27' 


1900.515 

.551 

1901.210 

1900.76 


Decl.  =    +  .32°  .31' 

298°  9 
299.9 
300.1 

299.6 


12r87 
12.91 
12.69 


12.82 


H  874.  7.1 


13.3  .  .  .  11.7 


R.A. 

=  18  ".54™ 

35^  > 

Decl. 

=    -    0° 
A  and  C 

37'  i 

1901.395 

304?  2 

23roi 

.397 

304.6 

22.92 

.455 

303.9 

22.94 

1901.41 

304.2 

22.96 

A  and  B  (new) 

1901.395 

2?4 

9f30 

.397 

0.4 

10.05 

.455 

359.0 

9.74 

1901.41  0.6  9.70 

No  other  measures.    H  estimated  305°  :  15".    The 
principal  star  is  W  XVIII.  1351. 


H  2852.     D.M.(7°)3943.    9.1  ..  .  9.9 


R.A. 
Decl. 


1901.512 
.586 

1901.55 


18  ".57'" 
+    7° 

131 : 2 
131.4 

131.3 


16^  ( 
14'  \ 


22^63 
22.41 

22.52 


H  called  the  components  red  :  blue-green ;  134?5  : 
18" ±  :  10.  .  .12(1830). 


S2442 


R.A.    =  18 ".58™  20"  I 


Decl.  : 

=    +  16°  48-  \ 

1901.299 

207?  5 

18 -.37 

.703 

205.4 

18.20 

1901.50  206.4  18.28 

The  distance  is  decreasing,  with  no  .sensible 
change  in  the  angle.  These  measures  with  those  of 
2  indicate  an  annual  movement  of  A  of  0^06  in  the 
direction  of  the  smaller  star.  In  the  course  of  some 
three  hundred  years  these  stars  will  make  a  close 
pair. 

5  V.  33.     15  Aquikte.     6  ...  8 


R.A. 

=  18"  58"- .38"  I 

Decl. 

=    -    4=  13'  \ 

1900.458 

208°  4 

.37-05 

.473 

208.2 

37.42 

1900.46 


208.3 


37.23 


The  proper  motion  of  A  is  very  small,  0'014  in 
,300?3.  The  distance  of  ^  in  1781  of  33-88  is  cer- 
tainly too  small. 

H  5507.    6  .  .  .  12.2 


R.A. 

=  18". 58'"  49"  ) 

Decl. 

=    -  15°  50'  \ 

1900.458 

63?0 

47-10 

1901.397 

63.3 

46.76 

1900.92 


63.1 


46.93 


H  only  estimated  the  angle  .50° (1823.6).     There  is 
a  lliii  star  about  the  same  distance  in  94?8. 


H  1364.     D.M.(44").3051.    9.4 

R.A.    =  18"  59"  36"  ) 
Decl.  =    +44°  17'  i 

1901.452  204? 7 

1902.433  207.7 


1901.94 


206.2 


.9.4 


3^13 


3.05 
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Described  by  H,  "a  most  elegant  double  star; 
chief  of  a  small  cluster."    The  onlj-  observations  are: 
1828+  204?5        l'±         1)1        H 

1881.45        206.9        3.26        3i,        /* 


a.  1300.      U.A 

R.A. 

i)  ...  11 

Decl. 

=    +26°  57'  \ 

1901.452 

326?  6 

20^67 

1902.219 

325.1 

20.04 

1901.83  325.8  20.35 

H  has  327-5:  15' ±  (1828),  and  calls  the  colorj 
ruddy  :  green. 


g  V.  103.    L  35845.    8.0  . 

..8.3 

R.A.   =  W   1°'42M 

Decl.  =    +  35°  42'  i 

1901.225                 55?3 

55.'66 

.299                 55.5 

55.62 

1901.26  55.4  55.64 

The  only  measures  are  : 

1783.63  60?6  45^53 
1840.83  55.6  54. .58 
1866.68        55.5        55.08 

2  2463.    D.M.(45°)2831 


\h 

? 

\)l 

02 

In 

02 

R.A. 

=  19"  2"" 

.30' 

1 

Decl. 

=    +45° 

38' 

AandB 

1901.529 

5n 

9^44 

.605 

5.7 

9.49 

1901.. 57 

5.4 
A  and  C 

9.46 

1901.529 

283?  0 

23^52 

.605 

282.4 

23.96 

1901.57 


282.7 


23.74 


C  not  in  2  ;  first  noted  by  H,  who  gave  the  angle 
279?9  and  286?4  (1828).     No  other  meiisures  of  this. 


H  1374.     L  36113.    8.0  ..  .  11.7  .  .  .  13.6 

R.A.   =  19"  6"'34^  I 

Decl.  =    +  44°  22'  J 

A  and  B 

1901.263  115?1  14^28 


,318 


114.3 


14.41 


1901.29  114.7  14.34 

A  and  C 

1901.263  5?:9  31  .'34 

The  de.scriptiou  in  H  is  110?3  :  8'  ±  ;  350°  ±  :  15" 

Schjellerup.    8.5  ..  .  8.8 
R.A.   =  19"  6™  40'  ) 
Decl.  =    -    3°  45'  i 

1901.452  230?4  61  n6 

.455  230.2  61.02 


1901.45  230.3  61.09 

From  list  of  double  stars  in  A.N.  1485.  The  esti- 
mated distance  is  j^iveu  48  \  The  components  are 
S.D.(3)4513  and  4511. 

Madler  7  =  Ho  446 

R.A.    =  19"   7"'4:>  I 

Decl.  =    +24''  iT    \ 

A  and  B  (new) 


1901.433 

292?  4 

2. '79 

.473 

288.6 

2.56 

.512 

291.0 
290.7 

2.82 

1901.47 

2.72 

A  and  C 

U)01.4UJ 

50?0 

5roi 

.433 

50.6 

5.01 

.473 

45.2 

5.21 

.512 

48.8 

6.17 

S  2477  rej.  8.5  , 
R.A.  =  IQ"  6" 
Decl.  =    -    4- 

1901.452  47?4 

.455  46.3 

.471  45.9 


10.5 


1901.46  46.5 

The  only  prior  measures  are  : 
1848.65        45?3        SO'IO 


\,i 


28^08 
27.87 
27.92 

27.96 


.Mitch.-l! 


1901.46  48.6  5,10 

B  is  new,  but   previouslj'  seen   by  .Aitkcn. 
measures  of  AC  are  : 

1843.63        58?3        8'69        ]ii        Ma 
1893.67        45.4        5.69        3*/        Ho 
The  princii)al  star  is  W  ■  XIX.  193. 

H  2858.  9.2  .  .  .  12.2 
R.A.  =  19"  8'°46»  ) 
Decl.  =    +  22°  .38'  \ 

1901.436      257?4      18^99 
1902.219      257.9      19.06 


The 


1901.82  257.6 

H  gives257?6:6"±  (1830). 


19.02 
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H2859.    9.2...  13 

OS  (Ap;))  178.     6...  7.5 

R.A.    =  19"    8">47=  1 

R.A.    =  19"   9"'52'^ 

Decl.  =    +22'  40'  \ 

Decl.  =    +14°  53' 

1901.436                 28^3               10^87 

1900.684               267?8               89'91 

1902.219                 28.8               11.53 

.687               267.4               89.83 

1901.82                   28.5               11.20 

1900.68                 267.6               89.87 

H  gives  19?0  :  4"  ±  (1830).   The  relation  of  H  2858 

The  following  are  all  the  other  measures  : 

and  2859  is  10?2  :  132^70  (1901.43). 

1856.60  86?7        80^84        In        Se 

1875.61  267.8        89.65        4)(        A 

The  change  is  not  confirmed.    The  distance  of 

H  1377.    L  36224.    7.0  ..  .  12.9 

Secchi  is  an  error  or  misprint.     The  A.G.  positions 

R.A.   =  19"   8"' 51=  ( 
Decl.  =    +47°  10    i 

give  268-0  :  89:68.     The  components  are   L  36207 
and  36203. 

1901.436               356^5               36^33 

.605                357.1                .36.35 

H  2862.     1  Viilpeculae 

1901.52                 356.8               36.34 

R.A.    =  19"  11-"   3=  ) 

The  only  other  observation  is  by  H,  367'?0 

.30"  ± 

Decl.  =  +   21°  11'  f 

7  ...  16  (1828). 

1901.416                 1.3?2               38^86 
.512                 12.6               39.16 
.586                 12.8               39.08 

H5101.     8.5...  9 

1901.50                   12.9               39.07 

R.A.    =  19"   g-"    2=  ( 
Decl.  =     -  25°  .33    \ 

The  only  other  measure  is  by  H  : 

1901.586               306^3               21 '32 

1830+        10°6        25' ±  :  5-6.  ..17 

.720               306.9               20.97 

There  is  a  13m  star,  158?2  :  43^5. 

1901.65                 306.6               21.14 

Both  components  in  Cord.D.M.  as  Nos.  13881  and 
13879.    H  found  311?5  :  20±  (1837.2). 

H  2863.    B.A.C.  6.590.    6.2  ..  .  11.7 

R.A.   =  19"12'"10s  ) 

Decl.  =    -  15°  44'  \ 

H  1376.     8.0  .  .  .  11.2 

1900.458                 16°0               45^96 
.551                 16.6               45.67 

R.A.    =  19"   9"-    4'  t 
Decl.  =    +  15°  10'  i|" 

1900.50                   16.3               45.81 

1901.416               121?6               10fl6 

H  gives  14'?6  :  15"±  6  ...  15  (1830);  "a  third  np 

.471                123.6               10.14 

very  strongly  suspected."     I  could  not  see  any  third 

star  with   the  6-in.  in    1874,  and   the  40-in.  shows 
nothing  now.    The  principal  star  has  a  proper  mo- 

1901.44                122.6               10.15 

H  gives  120?4  :  6"  ±  (1828). 

tion  of  0^293  in  204?  7. 

OS  366  r<-j.    7.5  ...  9.2 

H  266.     10.2  .  .  .  10.6 

R.A.    =19"   9"'48=  ^ 

R.A.    =  19"  W-"    8=  * 

Decl.  =    +  .34°     0'  \ 

Decl.  =    -    1°  47'  f 

1901.471               230?2               22^14 

1901.529               266°2               14'.57 

.589               229.6               21.74 

..586               265.1                14.. 55 

1901.. 53                 229.9               21.94 

1901., 56                 265.6               14.56 

Without  change.    The  principal  star  is  L  36242. 

This  is  not  in  the  D.M.,  but  is  closely /D.M.(-1°) 

Two  faint  stars  s  and  */. 

3706.     H  has  265°  ±  :  5"  ±  (1820);  "  a  suspected  stel- 
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lar  nebula  in  the  field."  The  40-in.  shows  this  as  a 
double  nebula,  with  the  appearance  of  belonging  to 
the  planetary  class.  It  was  rediscovered  by  Mai'th, 
and  is  No.  6778  of  Drever. 


R.A. 

=  19"  13™  36'  / 

Decl. 

=    -    6°  51'  \ 

1900.458 

8in 

25 '26 

1901.703 

81.2 

25.33 

1901.08  81.1  25.29 

There  is  an  error  of  180°  in  the  angle  of  the  only 
other  measure : 

1848.65        256?2        26.'59        In        Mitchell 


2  2500  '■'./.     D.M.119  >S976.    8.0  ..  .  10.5 
Decl.  =    +19'  30'  \ 


1901.416 

.586 

1901.50 


24?|3 
23.2 

23.7 


19.90 


No  other  measures  except  angle  by  H,  23?0  (1830). 
The  A.G.  proper  motion  of  A.  is  0.'06"2  in  280?2. 

The  6.8m  star,  distant  about  10  .sp,  D.M.(19  )3975, 
is  said  to  be  an  Algol  variable,  the  magnitude  de- 
scending to  9m,  with  a  period  of  alx)ut  17  days  (A.N. 
3748). 


OS 

Ai,p)  180. 

L  36460. 

7.7 

...  8.0 

R.A.    = 

lOt'l-'j-"  11 

( 

Decl.  = 

+  14°  12 

1900.684 

266?5 

80^40 

.687 

266.3 

80.20 

1900.68 


266.4 


80.30 


The  only  measures  are  ; 
1874.98        266?3 


80'22        3h 


H  884.     7 

R.A.   =19''15' 
Decl.  =    +    9' 

A  and  B 

1901.471  299?2 

.586  299.7 


10.9  .  .  .  11.0 


28* 
36' 


1901.53 


299.4 


45  .'05 
44.59 

44.82 


BandC 

1901.471 

236?  7 

10^48 

.586 

239.2 

10.46 

1901.53 


237.9 


10.47 


No  other  measures.    The  principal  star  is  D.M. 
(9°)4075. 

S2501 

R.A.    =  19hl5"'42') 
Decl.  -    -    4°  58'  i 


1901.452 
.455 


22?4 
21.7 


1901.45  22.0  19.93 

Without  change.    There  is  a  13.5m  star  from  A. 
108?3  :  9.'6. 


2  2506  i;-J.    S.7 

R.A.   =19''16"- 
Decl.  =    +  14° 

1901.689  350? 6 

.720  351.2 


9.1 


1901.65  350.8  16.61 

Rejected  by  2  as  not  subsequently  found.  Evi- 
dently fixetl.  A  is  D.M.(14  )3888.  The  only  meas- 
ures are : 

1843.60        170?9        IG'*}        In        Ma 
1875.01        351.3        16.43        2h         J 


Glasenapp.    S.D.(14  )5425.    9.0  ...  9.5 


R.A.    =  WIS-"    2»  ) 
Decl.  =    -  14°  52'  \ 

1901.605                  68? 1 
1902.449                  66.7 

24  .'.33 
24.28 

1902.03  67.4  24.30 

The  only  other  measures  are  : 
1890.54        69?2        23 '99        2n        Glasenapp 


Schjellerup.    H.2  .  .  .  9.2 

R.A.     r  l«M!l'":i'h  I 
Decl.  =    +    4     .'!«■  \ 

1901.589  214?0  41.'24 

.720  214.2  41.18 


1901.  e.'J 


214.1 


41.21 


From  list  of  new  pairs  in  A.N.  1486.    No  other 
measures.    A  is  D.M.(4  )4096. 
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S  2517  rej.     D.M.(22')3687.    8.7  ..  .  9.7 


R.A.    = 
Decl.  = 

=  19''19"'40'=  I 
=    +22°  32'  \ 

1901.589 
.760 

138?6 
138.5 

188.5 

15.'85 

15.88 

1901.67 

15.86 

other  measures. 

0.  stone 

R.A.    =  19"  20"':       [ 
Decl.  =    -  16°  11'  i 

Given  in  Cin^  195?1 : 1'Sl :  6.8  .  .  .  7.3  (1880.62) 
In.  I  could  not  find  any  such  pair  in  or  near  this 
place.    There  is  no  bright  star  here  in  the  S.D. 

H  2871.    4  Vulpeculae.    6  .  .  .  11.0 

R.A.    =  19'>20"'12^  / 
Decl.  =    +  19'  31'  f 

1901.473      106? 5      21^89 
.512      106.3      24.89 

1901.49 


106.4 


H  gives  110?4  :  30' ±  (1830);  "two  more  near;  one 
extraordinarily  faint."  There  is  a  star  of  about  the 
same  magnitude  in  197°9  at  about  double  the  dis- 
tance, and  a  13.5m  star,  more  distant,  in  231  ?4. 


V  Aqutlae 

R.A.    =  19"  20"' 23' 

Decl.  =    +    0'     6' 

1901.416               287?  9 

200:50 

.433               288.2 

200.74 

1901.42  288.0  200.62 

Measured  in  looking  for  T^  IV.  34,  which  is  about 
3-"/.  B  is  D.M.(0  )4204.  The  proper  motion  of  A  is 
0.'b24  in  359.7  The  A.G.  positions  give  288?6 :  201  ri. 
Many  small  stars  nearer  A  than  this. 


3  Cygni.    6.5  . 

.10.4 

R.A.   =19''20"' 

28=^ 

Decl.  =    +24° 

32'  \ 

1900.515                 78?3 

30r94 

.553                 76.9 

30.47 

1901.473                 76.2 

30.21 

1900.85  77.1  30.54 

The  principal  star  has  a  large  proper  motion,  0'658 
in  198?1  (Berlin  A.G.).  The  only  other  measiu-es  are 
by  OS,  the  first  of  which  is : 

1866.72        122?8        27^91        lii        02 


9N.  119.    6...  8.2 


R.A. 

=  19i>22'"27'  I 

Decl. 

=    -  27'  14'  i 

1901.455 

141?9 

7^65 

.509 

141.3 

7.87 

1901.48  141.6  7.76 

No  measures  in  5-  There  is  an  error  of  about 
23'  in  his  Decl.  The  measures  of  this  show  no 
change.  It  was  measured  by  me  in  looking  for  No. 
153  of  the  Harvard  list,  which  has  an  error  of  about 
3""  R.A.  and  10'  in  Decl.  It  is  identical  with  the  5 
pair. 


H  887.    L  36791.    7.0  ..  .  13.2 


R.A. 

=  19"  22-"  54'  ) 

Decl. 

=    -    7°  17'  I 

1900.473 

348?  7 

35:54 

.476 

348.7 

35.08 

1900.47  348.7  35.31 

No  other  measures.  H  called  the  small  star  20m. 
The  principal  star  appears  to  be  the  variable  U 
Aquilae. 


5  IV.  33      9.5  ...  9.7 

R.A.    =  19"  23"-    9'  ) 
Decl.  =  0=     0'  \ 


1901.4.33 
..512 

1901.47 


335.7 


13.04 


If.  describes  this  as  ''  the  first  of  2  stars  j)  "Aqui- 
lae ;  distance  of  the  two  nearest  21 :98,  inaccurate." 
After  a  very  careful  examination,  I  am  certain  that 
the  star  which  he  calls  f  Aquilae.  is  really  the  6.9m 
star,  D.M.(  -0  )3760,  which  follows  the  other  2'"  47=. 
The  description  then  applies  perfectly  This  faint 
pair  is  not  in  the  D.M.  The  place  given  above  is 
that  of  the  bright  star. 


OS  {App)  182.    6.9  ..  .  7.4 

R.A.    =19"  23°' 37'  ) 
Decl.  =    +49°  54'  i 

1901.471  305?  6  7: 

.509  305.4  7 

.529  305.8  7 


1901.50  305.6 

The  only  other  measures  are  : 
1874.62        307?3        71:79 


3n 
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Measures  of  Double  Stars 


There  is  a  Urn  star  from  A  113?9 :  12^47  (1901.53) 
In.  There  is  also  a  small  nebula  iu  the  field;  from 
A  in  the  direction  ot  247'?3,  and  from  B  in  221?0. 
The  principal  star  is  given  a  proper  motion  of  0'085 
in54?3. 


J  20. 


10.1 


9.7 


R.A.    =  19"  25™    1' 
Decl.  =    -    2    22 


A  and  B 

1901.589 

65?  2 

ir48 

.760 

68.9 
67.0 

1.22 

1901.67 

1.35 

A 

and  C(=2  25.35) 

1901.589 

298?  7 

25.-98 

.604 

297.9 

25.94 

.760 

298.7 

25.90 

1901.65  298.4 

No  material  change. 


25.94 


H5128.    8.4 


10.1 


10.3 


R.A. 

=  19»26" 

36' 

\ 

Decl. 

=    -18' 

52' 

.\  and  B 

1901.589 

111?0 

20.'88 

.604 

111.4 
111.2 

21.08 

1901.59 

20.98 

BandC 

1901.589 

125?  5 

4.-29 

.604 

127.1 

4.17 

126.3 


4.23 


1901.59 

No  other  measures  of  BC  except  an  angle  by  II 
of  125?9  (1836.5).  The  single  measure  of  AB  of  1879 
in  Cin'  shows  no  change.  A  and  B  are  S.D.(18  ) 
.>413  and  UU. 


Howe. 

s.s  .  .  .  10.- 

.  10.1 

R.A. 

=  19>'29'" 

.36' 

■ 

Decl 

=    +    3- 

12' 

A  and  B 

1901.589 

23?3 

6. '75 

.742 

25.6 

6.81 

1901.66 

24.4 
A  and  C 

6.78 

1901.589 

306?  7 

32.-50 

.742 

305.6 

32.29 

1901.66 


306.1 


32.39 


Discovered  by  Howe,  but  the  place  in  Cin^  is  in 
error  in  both  R.A.  and  Decl.  The  only  measiu-es  are 
those  by  him  in  1879,  which  show  no  motion.  The 
principal  star  in  D.M.(3  >4079. 


-^  V.  104.    7.3 


,9.8 


R.A. 

=  WSO-'SS'  ) 

Decl. 

=    +15°  37'  \ 

1901.433 

126?6 

39^08 

.436 

126.3 

38.56 

.471 

125.4 

38.82 

15)01.45 


126.1 


38.82 


The  place  is  a  little  uncertain  in  5-  The  princi- 
pal star  is  D.M.(15  )3877.  The  magnitude  in  D.M. 
is  6.7.  The  only  other  measures,  except  position 
angle  of  106?3  (1783.65),  are  : 

1893.55        124?9        39  .'27        bi        Bigomdan 


c  Sagittae 


R.A. 

=  I9i>.3i"r,i' » 

Decl. 

=    +16°  12'  \ 

1901.433 

81?9 

89 '78 

.471 

81.3 

89.71 

.473 

80.9 

89.96 

1901.46 


81.4 


89.82 


As  a  wide  pair  this  is  ^  VI.  26  =  ?  VI.  63  =  f  N. 
83  =  S  721  =  02  {App)  185.  In  $  VI.  ()3  the  angle 
is  reversed.  ^  N.  83  is  given  3'";)  and  11  .s,  but  it  is 
identical  with  this  star.  The  A.G.  proper  motion  of 
A  is  verv  small,  O'Ol.'J  in  297?5. 


1782.30 

81  ?5 

91 '87 

\n 

¥ 

1800 

79.9 

87.86 

Lalaude 

1870.2 

81.1 

91.57 

A.G. 

1875.61 

81.3 

90.68 

h, 

J 

H  1423.    9  Cygni.    6.5  .  .  .  11.2 

K.A.    =  19i'.32'"22-  ) 
Decl.  =    +29°     5    ( 


1900.473 
.687 

1900.58 


128.6 


Only  H,  1.36?3  :  12"+  (1828).     Tlif 
is  insensible,  O'O'il  in  1.">K?5  (Auwers). 


20-85 
21.1.'. 

21  .00 

|)i(ipiT  motion 
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OS379reJ.    8.0 

...  8.5 

R.A. 

=  igi'.sa"' 

55' 

Decl. 

=    +.3.3^ 

38- 

1900.703 

86?  4 

24^97 

1901.260 

86.7 
86.5 

24.89 

1900.98 

24.93 

Without  change. 

Jj.  II.  32  = 

9  N.  84. 

6.5  . 

..8.6 

R.A. 

=  19"  34™ 

O'^ 

Decl. 

=    +16" 

18' 

1900.473 

300?  9 

28^46 

.563 

301.8 
301.3 

28.57 

1900.51 

28.51 

The  oolj'  mea.sures 

are : 

1796.59        301 

'8        27  f 

20 

\n         \ 

18-10.22        302.2        28.61 

•In         C 

H2888.    45 

Aquilae. 

6.5 

.  .  .  13.7 

R.A. 

=  19''34'" 

a3s 

Decl. 

=     -    0° 

54- 

1900.476 

354?  2 

42^89 

.515 

355.4 

42.23 

1900.49 


354.8 


42.56 


No  observations  except  H,  354?5  :  30"  :  7  ...  19 
(1830).  His  description  is  :  "A  large  star  in  a  con- 
stellation of  at  least  a  dozen  small  ones  within  2' 
distance;  that  taken  forms  with  the  large  star  a  good 
representation  of  the  Georgium  Sidus  and  one  of  its 
satellites.     It  is  a  fair  comparison  in  point  of  light." 


0.  Stone 

R.A.    =  19 1' .35'"  :       ) 
Decl.  =    +.37'  55'  :  \ 

The  measures  in  Cin'  are  224?  1  :  5. '06  :  9.5  ...  11.0 
(1879.61)  In.  I  could  not  find  auj'thing  in  this 
vicinity  to  correspond  with  the  description,  though 
there  are  many  faint  pairs.  One  near  this  place  is 
64?7:  7^54. 


H895. 

8.7  ..  .  10.5  . 

.  .9.1 

R.A. 

=  19".36"'4G 

/ 

Decl 

=    +    0°  .58 
A  and  B 

\ 

1901.433 

209?0 

14-17 

.473 

205.8 

13.99 

.612 

208.3 
207.7 

14.39 

1901.47 

14.18 

A  and  C 

1901.433 

17?5 

28^50 

.473 

16.4 

28.65 

.512 

16.6 
16.8 

28.43 

1901.47 

28.63 

C  and  D  (new).    C  = 

13,7 

1901.433 

125?  1 

4-66 

.512 

123.3 

4.62 

1901.47  124.2  4.69 

No    measures   by   H.     He  saw  only   the    three 
brighter  stars.    A  and  C  are  D.M.(0°)4283  and  4284. 


S2560 

rej. 

L  37406. 

7.2. 

.  .9.6 

R.A. 

=  19'' 35"' 

.34=) 

Decl. 

=    +23 

26'  f 

1901.605 

295?  0 

15. '12 

.760 

295.1 
295.0 

15.48 

1901.68 

15.30 

No  other  measures 

OS  381 

rfj.     7.2  ..  . 

ll.' 

R.A. 

=  19"  37  ■"23 

} 

Decl. 

=    +    3^  53 

\ 

1900.476 

5?7 

15^04 

.515 

6.5 

15.16 

.551 

5.7 
6.0 

15.20 

1900.51 

16.13 

Jnchanged. 

W 

XIX.  944 

R.A. 

=  19"  37"- 56  = 

) 

Decl. 

=    +    4°  28' 

f 

Noted  "duplex"  in  Weisse.  It  is  not  double, 
although  there  are  several  stars  in  the  field.  The 
7im  star  nf  has  a  26"  companion  /).  In  the  D.M. 
the  Weisse  star  is  (4°)4205,  and  a  9.3m  star,  No.  4208, 
is  26'.5/  and  2'2?i.  The  difference  in  R.A.  is  now 
much  less. 


OS  (App)  190.     7.2  .  .  .  12  .  . .  8.1 


R.A.    =  19  ",39  "'50^  ( 

Decl.  =    +46"  57"  \ 

A  and  B 

1901.471               299? 4 

11^82 

.509               298.8 

11.66 

1901.49 


299.1 


117.4 
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Measures  of  Double  Stabs 


1901.471 
.509 

A  and  C 

316?2 
316.3 

1901.49 

316.2 

67.53 

The  faint  star  was  added  with  the  ISi-in. 
change. 

1878.40        300?2        11 '64        \n        /S 
1875.66        316.5        67.66        3»        J 


No 


HN.  113 

R.A.    =19  "40" 
Decl.  =    +  37°  15 


.\ 


5  has  no  measures ;  it  is  given  a.s  Class  II,  with 
the  above  place.  There  is  no  double  star  here,  and 
there  is  little  doubt  of  his  observation  belonging  to 
S  2578,  which  is  in  the  same  vicinity  nf.  In  the 
course  of  this  search  I  ran  on  to  OS  384,  and  meas- 
ured it  once;  192?7  :  0r98  (1901.47). 


H898 

R.A.    =  19"  41"  55=  > 
Decl.  =    +31°  24'  \ 

Described  by  H  as  a  faint  triple,  all  11m,  225°  ±  : 
2"  ±  AB;  225°  ±:6'±  AC.  Very  cjirefully  looked  for 
twice,  but  nothing  of  this  kind  found.  There  are 
many  faint  pairs  in  the  vicinity,  but  not  of  the  de- 
scription given. 


Ho  114 

R.A.    =  19"  41'"  59= 
Decl.  =    -f-32°  36' 


A  and  B.    7.2  ..  .  13.5 

1901 

529               233? 7 
A  and  C  (new).    C  =  14 

3-15 

1901 

529               215?4 

\  and  D.    D  =  8.2 

9:72 

1901 

171                200?2 

31-36 

509               200.4 

31.49 

.529               200.7 

31.47 

1901.50 


200.4 


31.44 


AD  is  9  N.  110  =  S  726  =  OS  (App)  192.  The 
faint  star  C  has  not  lx;en  seen  before.  There  is  no 
material  change  in  the  other  stars. 


S  2581  r,'j.     8.0 

.  .9.6 

R.A.    =19  "43" 
Decl.  =    -  11° 

8  = 
42' 

1901.455               282?6 
.473               282.7 
.531               282.2 

38r00 
38.35 
38.37 

1901.48 


282.5 


38.24 


The  principal  star  is  P  XIX.  1058.  The  observa- 
tion in  Mitchell  belongs  to  some  other  pair.  The 
only  measure  is : 

1879.54        281  ?3        37  .'88        3n        Cin 


Jacob.    9.0  , 


9.1 


R.A. 

=  19"  43"  59  = 
=    -  11°     5' 

Decl. 

1901 .455 

320?0 

28^66 

.473 

319.0 

28.60 

.531 

319.0 

29.00 

1901.49 


319.3 


28.75 


The  components  are  S.D.(11°)5146  and  5147.  The 
only  other  measures  are  : 

1845.8        319?7        30 -'80        Jacob 

Hussey  in  1899  found  A  to  be  a  close  and  unequal 
pair  (=  Hu  77).  The  seeing  was  too  poor  to  measm'e 
AB.    This  triple  is  12^^  51  Aqiiilae. 


Ho  275.    51  Aquilae.    5  .  .  .  12.9 


R.A. 

=  19"  44" 

11' 

Decl. 

=    -  11° 

4' 

1901.531 

117?5 

20^83 

.586 

116.2 

20.94 

1901.56 


116.8 


20.88 


The  increase  in  the  distance  since  the  measures  of 
Hough  agrees  with  the  proper  motion  of  A,  0-'08  in 
315?5. 


H  603.     19  Cycj/ii.    6  .  .  .  9.8  .  .  .  11.7 

R.A.   =19"  46"  19=) 
Decl.  =    +  38°  25'  i 


1901.605 
1902.433 

lfK)2.(J2 


A  and  B 

103?  7 
103.9 

103.  H 


54^29 
54.16 

54.22 


54 
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55 


1902.02 


BandC 

12?0 
13.7 

12.8 


2K(30 
21.99 

21.79 


Positions  estimated  by  H  ;  he  calls  C  18ui.    The 
large  star  has  a  proper  motion  of  0'112  in  3?6. 

1887.81        102n        53'92        2n        Eugelhardt 


H  900.     56  Aquilae.     6  .  .  .  11.5 


R.A. 

=  19"  47'"  37'  ) 
=    -    8°  53'  S 

Decl. 

1901.473 

76?  9 

46^83 

.631 

77.9 

•16.55 

1901.50 


76.4 


46.44 


No  measures  in  H.     Unchanged  since  my  meas- 
ures in  1880. 


S  2593  rej.    8.3  ...  9.7  ..  .  11.0 


R.A. 

=  19"  47'- 

.37 

i 

Decl. 

=    +11' 

32 

A  and  B 

1901.436 

236?  2 

12 '31 

.452 

235.8 

12.53 

.529 

235.6 
235.9 

12.27 

1901.47 

12.38 

B  and  C  (new) 

1901.436 

301?  8 

3^85 

.452 

307.4 

3.52 

.529 

303.7 

3.72 

1901.47 


304.3 


3.70 


No  other  measures,  except  Leipsic  A.G.,  237 ?0 ; 
12a2  (1893.54).    A  is  D.M.(11°)4030. 


"Wilson.    Cord.D.M.(24')15677.    9  .  .  .  10.4 


R.A. 

=  19"  47" 

46'  / 

Decl. 

=    -  24° 

10'  \ 

1901.605 

116?  1 

nm 

1902.433 

116.5 

17.. 32 

1902.02  116.3  17.24 

Identified  as  above.    The  only  measure  is  : 
1885.71         117?6        17^34        In         H.C.Wilson 


5  III.  105  =  S  2595  rej.    9.4  ..  .  9.7 


1901.436 
..589 

1901.51 


R.A.    =  19  "47  "'55'  f 
Decl.  =    +19'  59'  i 

215°5 
214.2 


16^38 
16.. 34 


214.8 


There  is  a  10m  star  37  ?0  :  24-0 
ures  are : 

1783.45        219? 6        14^48        1; 
1881.39        214.9        16.31        3/ 

Evidently  fixed.    A  is  D.M.(19°)4192 


OS  390. 


16.. 36 
The  other  meas- 


R.A. 

=  19"  50""  19 

Decl. 

=    +  29°  53 

A  and  B 

1901.531 

22?  2 

AandC 

1901.. 531 

17.5?5 

ithout  change. 

9^40 


16-15 


H  1458.     8.8  ..  .  8.8 


R.A. 

=  19"  54™  22'  ) 

=  +10"  51'  i 

Decl. 

1901.436 

132?  5 

16^52 

.452 

134.8 

16.32 

.529 

133.3 

16.06 

1901.47 


133.5 


16.30 


The  components  are  D.M.(10°)4132  and  4133.  The 
only  complete  measure  is  : 

1875.11        133?7        16^04        2n        A 


1 1.  93.     L  38205.    8.0 


8.6 


R.A. 

=  19"  55™. 30' 
=    -    0°  32' 

Decl. 

1900.458 

293?0 

2'14 

1901.433 

298.9 

2.07 

.436 

299.7 

2.14 

.452 

294.2 

1:97 

1901.19 


296.4 


The  change,  if  any,  is  a  small  increase  in  the 
angle.    There  is  a  11.5m  star,  2?2  :  26'6. 
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Meastkes  of  Double  Stars 


Z2612 


R.A. 

=    +    6°  36'  i 

Decl. 

1901.4.52 

53?3 

38  .'97 

.471 

53.7 

38.69 

.529 

53.6 

39.05 

1901.48 


53.5 


38.90 


The  distance  is  slowly  increasing  from  proper 
motion,  the  angle  remaining  constant.  2  found 
36 '59(1827.67).  These  stars  point  to  a  3'  or  4"  pair 
of  12.5m  stars  about  30'  from  B. 


Harvard  Zones.    8.6  .  . 

13.0. 

.  .  11.5 

R.A. 

=  19"  57-" 

6= 

1 

Decl. 

=    +    0" 

22' 

A  and  B 

1900.458 

145^2 

4^39 

1901.433 

146.1 
145.6 

4.05 

1900.94 

4.22 

AandC 

1900.458 

189?  7 

16^24 

1901.433 

190.5 

16.90 

1900.94 


190.1 


16.57 


No  other  measures.    The  description  in   H.Z.  is 
s/:4'±  :  8-9...  15. 


2  2619 

R.A.    =  19"  57"- 29'  / 
Decl.  =    +47°  56'  \ 

A  and  B  (  =  2  2619) 
1901.320  242?0  4^31 

1902.433  244.8  4.10 


1901.87 

243.4 
A  and  C 

4.20 

1901.318 

305?  0 

17r73 

..320 

.303.8 

17.35 

1902.433 

304.2 
304.3 

17.42 

1901.69 

17.50 

CandD 

1901.320 

179?5 

5' 12 

1902.4.33 

181.8 

5.98 

1901.87 


180.6 


No  change  in  AB.  C  and  D  are  not  in  2.  C  wa.s 
iirst  noted  by  H,  and  D  added  by  OS  in  1854.  The 
only  measures  of  CD  are  : 

1879.49        183?8        5^45        In        /3 


H  1470.     D.M.(37°)3744.    7.0  ..  .  9.1 


R.A. 
Decl. 

=  19"  59"' 
=    +37° 

19S) 
59'  J 

1901.605 
1902.449 

337?2 
337.2 

29  .'18 
28.94 

1902.02 


337.2 


29.06 


This  is  H  605,  the  Decl.  of  which  is  uncertain  in 
H.  The  companion  is  D.M.(37°)2743.  The  colors, 
reil  and  green,  are  well  marketl.  There  is  probably 
a  misprint  in  the  distance  by  Secchi,  335?2  :  23 '83 
(18.56.63)  1»(. 


26  Cygni.    6  .  .  .  8.3  .  .  .  12.2 


R.A. 

=  19"  57™ 

58' 

1 

Decl. 

=    +49° 

46' 

A  and  B 

1898.463 

147?4 

4i:98 

.518 

147.1 

41.87 

.520 

146.8 
147.1 

42.03 

1898.50 

41.96 

BandC 

1898.463 

74?  7 

8^74 

.520 

75.0 

9.30 

1898.49                   74.8  9.02 

B  and  D  (new).     D  =  13.7 

1898.463               257?2  10.'26 

.520               257.9  9.94 


1898.49 


257.5 


10.10 


The  bright  stars  make  ?  V.  47  =  f  VI.  60  =  02 
(App)  197.  C  was  added  with  the  181-in.  in  1878. 
So  far  no  sensible  change  in  AB. 


H2927.    7.5...  12.. 

13.2 

K.A.    =  19"  r)!)"-  13- 

( 

Decl.  =    +    0-     7 ' 

\ 

A  and  B 

1901.433               125?3 

24^14 

.471               126.2 

24.44 

.512               123.5 

24.43 

1901.47                 125.0 

24.34 

B  and  C  (new) 

1901.433               18.5?  7 

4^82 

.471                186.2 

4.94 

.512               184.0 

4.77 

1901.47  185.3  4.84 

No  complete  measures.     H  gives  135?0  (1830). 


56 


S.    W.    BUEXHAM 


57 


7.3 


OS  397  rej--^  V.  105. 

R.A.  =  igi'sg-^ie^  / 

Decl.  =    +15'  33    i" 

1900.647  173.1 

.687  173.4 


1900.66  173.2 

Slow  change  from  proper  motiou. 


87.78 


OS  (App)  198 

R.A. 

=  20"   O"' 

17^ 

( 

Decl. 

=    +    ''" 

13' 

A  and  B 

1901 

531 
742 

174?0 
173.9 

173.9 

37^17 
37.41 

1901 

63 

37.29 

AandC 

1901 

531 
703 
742 

186?2 
186.0 
186.0 

64f91 
65.27 
65.11 

1901.66  186.1  65.10 

No  other  measiu'es  of  B,  which  was  fir.st  noted 
with  the  ISJ-in.  No  change  in  AC  since  the  meas- 
ures of  J. 

H  1477.     L  38450.    8.0  ..  .  10.6 


R.A. 

Decl. 

=  20''   0">55'  / 
=    +  12=  20'  i 

1901.531 
.720 

271?4 
270.6 

20^16 
19.93 

1901.62  271.0 

Only  H,  265?0:12"±:  (1828). 

^  IV.  34.    9.0  ..  .  9.4 


20.04 


R.A. 

=  20"  1"26») 
=    -    0°  57'  \ 

Decl. 

1901.509 

197?8 

47^48 

.512 

198.1 

47.58 

1901.51  197.9  47.53 

The  correct  place  is  given  above.    A  is  D.M.(— 1°) 
8896.   No  other  measm-es.    H  estimated  distance  30". 


9  VI.  27.     e  Aqiiilae.     3  .  .  .  13.0 


R.A.    =20"   5" 
Decl.  =    -    1  = 


1901.512 
.586 

1901.55 


260,0 


113^95 
113.47 


113.71 


Herschel's  place  is  that  of  6  Aqnilae ;  but  in  the 
original  Catalogue  (Phil.  Trans.  1782)  it  is  described 
"  a  star  north  of  6  ;  distance  about  1 ' ,"  and  it  is  not 
probable  that  the  star  measured  above  is  the  right 
one.  Most  likely  it  is  the  8m  star,  L  38760,  which 
is  2""  43'/  6  and  4 'Is.  I  have  measiu'ed  the  compo- 
nents of  this  (7.1  .  .  .  8.5)  as  follows : 

1901.512  80? 5  64r09 

.586  80.3  64.05 


1901.55  80.4  64.07 

This  star  has  a  proper  motion  of  0'262  in  203?6. 

H  VI.  92.    8.1  ..  .  9.0 


R.A. 

=  20"   5-" 

9^) 

Decl. 

=    -  12° 

26'  S 

1900.512 

265?  4 

84.-96 

.515 

265.4 

85.91 

.551 

265.8 

85.00 

1901.589 

264.9 

85.14 

1900.79  265.2  85.25 

The  components  are  S.D.(12')5663  and  5662.    The 
only  measures  are : 

1783.18        267?9        62^27        hi        ^ 
1879.63        265.8        51.35        In        Cin 
An  examination  of  Cin''  shows  that  there  is  an 
error  of  10  revolutions  in  reading  one  head,  and  that 
the  observed  distance  was  85 '53  instead  of  51 '35. 


S735  =  ?V.  136.    7.5. 

.7.7 

R.A.    =20"   5">    9^  / 

Decl.  =    -    0=  29'  i 

1.605               206? 3 

55 '25 

.703               206.1 

55.48 

1901.65  206.2  55.36 

Only   one   measure    since   1825,   but   apparently 
without  change. 


s  ityj-\j^  { 

APJJ)  <i\}<i.        1.0 

R.A. 

=  20"   8"-  18^  ( 

Decl. 

=    +    6°  14'  S 

1901.529 

192?8 

42'96 

.703 

193.0 

43.36 

.720 

192.6 

43.22 

1901.65 


192.8 


43.18 


A  comparison  with  the  measures  of  S  and  A  shows 
that  these  stars  are  relatively  fixed.  They  have  a 
common  proper  motion  of  0'197  in  236?1  (Bossert). 
The  components  are  D.M.(6°)4480  and  4479. 
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D.M.(0=>i453.    9.0  ..  .  10.5  ...  10 

R.A.   =  20"  g-"  15'  I 
Decl.  =    +   C  20-  \ 

A  and  B 


1901.799 

256?  8 

1^70 

1902.471 

258.9 

257.8 

1.88 

1902.13 

1.79 

A  and  C 

1901.799 

270?  6 

31^48 

1902.471 

270.7 

31.30 

1902.13  270.6  31.39 

Noted  as  double  in  the  Harvard  Zoue.s.    The  onlj^ 
other  mea.sures  are : 

AB        1879.46        259?2  ir2±         In        Cin 

AC        1879.46        276.8        31.17  In        Ciu 


<T 

Capricorn  i 

Sh  380  = 

¥ 

V.87 

R.A.   = 

20"  12'" 

28 

( 

Decl.  = 

-  19» 

30 

1901 

.605 

178?0 

55^90 

.742 

177.5 

55.90 

1901.67 


177.7 


55.90 


No  change  since  mj'  measures  in  1881. 


V  Capricorni.    . 

11.0 

R.A.   =20"U"' 

0 

•/ 

Decl.  =    -  13° 

8 

i 

1901.605                210?8 

54.-14 

.742               210.5 

53.98 

1901.67                 210.6 

54.06 

The  only  measures  are  : 

18.36                28'0        r,f;.'33 

-[n 

Lar 

1877.77         210.1         5.-,.  38 

1» 

/3 

H2953.    D.M.(8°)4408.    8.7 

R.A.   =20"15'"16>  I 
Decl.  =    +   8^  14'  i 

1900.706  260?2 

1901.395  261.7 


1901.05 


260.9 


10.7 


25^19 
25.52 

25.35 


Only  observed  by  H,  260?4 :  18'  ±  :  9  .  .  .  16  (1830j ; 
'  delicate  and  difiicult." 


IN.  138.     S.D.(17°)5954.    8.0 

.  .8.6 

R.A.    =  20"  15"' 23' 
Decl.  =    -  17°     9' 

1901.455               331? 2 

3^07 

.742               331.5 

3.09 

1901.60 


331.3 


3.08 


No  measiu-es  by  5-  Unchanged  since  my  meiis- 
ures  of  1878.  The  first  mention  of  this  pair  after  9 
is  by  Peters,  who  found  it  in  obsernng  an  asteroid 
(A.N.  1635). 


H.  C.  "Wilson.    9.5 

.9.5 

R.A. 

=  20"  17'" 

a3= 

Decl. 

=    +    5' 

12' 

1901 

.531 

359?  8 

2ri4 

.720 

360.2 

2.05 

360.0 


2.09 


1901.62 

Discovered  by  Wilson.  The  correct  place  is 
given  above.  It  is  D.M.(5°)4496.  The  only  meas- 
ures are  : 

1893.39        359?7        1^80        Su        Wil.son 


S749 


R.A. 

=  20"21">14'  ) 
=    -    2°  30'  \ 

Decl. 

1901.608 

189?  8 

60 '(X) 

.720 

189.6 

59.57 

.742 

189.6 

59.85 

1901.69 


189. 


59.81 


No  change  since  my  mcasm-es  in  1880,  and  the 
measures  of  Sjigree  with  the  last.  Bossert  gives  the 
proper  motion  of  A  0^161  in  248?2,  and  B  0^183  in 
244?1.    The  measures  show  no  relative  motion. 


P  363 

R.A. 

=  20" 24 -"28'  ) 

Decl. 

=    +  20°  12'  i 
A  and  B 

1900.438 

64?  1 

1H'70 

.703 

65.2 

IS. 71 

.706 

64.5 

lit.  11 

1900.61 


64.6 


IS. 86 
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AandC 

1900.438 

198?4 

44^22 

.703 

199.0 

44.58 

1900.62 


198.7 


44.40 


These  mea.sures  indicate  that  the  change  in  AB  is 
due  to  the  movement  of  the  11.5m  star  B,  and  not 
the  7m  star  A. 


g  N.  7.     10.0  .  .  .  10.5  .  .  .  10.3 


R.A.    =20" 26"' .31*:  ( 
Decl.  =    -  26'     9    :  ^ 


1901.608 
.608 


340°  7 
226.7 


14. '84 

20.04 


AB 
AC 


Given  by  5  Class  I-II;  "very  close  triple;  vertex 
/."  This  is  the  only  object  I  could  find  answering 
the  description.  The  places  are  practically  the 
same.    There  is  a  13m  star  150?0  :  15'3  from  A. 


2  2696 


R.A. 

=  20"  27"" 

34 

Decl 

=    +    5  = 

2' 

A  and  B 

1901 

742 

305?  7 

0^84 

760 

307.3 
306.5 

0.70 

1901 

75 

0.77 

AB  and  C 

1901 

742 

348?  5 

13 '73 

760 

349.0 

13.83 

1901.75 


348.7 


13.78 


The  14m  star,  C,  was  noted  by  me  with  the  18J-in. 
some  twenty  years  ago.  No  other  measures  of  it. 
No  material  change  in  AB. 


2  2697 

rej. 

7.5 

.  .  .  9.5 

R.A. 

=  20 

"28"' 

13=^ 

Decl. 

=    - 

-    0^ 

53'  \ 

1901.720 

1?8 

30^25 

.760 

1.8 
1.8 

30.59 

1901.74 

30.42 

The  only  other  measure  is  : 

1848.67         1?7 

32ao 

In 

Mite 

S2708 

R.A. 

=  20". 34-" 

7*( 

Decl. 

=    +  .38' 
A  and  C 

13'  i 

1901.318 

330?  0 

27^73 

.320 

329.9 
330.0 

27.59 

1901.32 

27.66 

A  and  B 

1901.320 

20?  3 

15r39 

The  13.5m  star  B  was  added  by  Hall  with  the 
26-in.  The  principal  star  has  a  proper  motion  of 
0'242  in  138?7,  and  it  is  well  known  that  the  change 
in  C  since  S  corresponds  to  this  movement.  The 
other  companion  was  measured  to  see  whether  that 
showed  the  same  displacement.  From  a  comparison 
of  my  position  with  that  of  Hall  in  1878  it  appears 
that  B  is  fixed  in  space  like  the  other. 


?  IV.  78  =  2  2712  rty.    8  .  .  .  11.9 

R.A.    =  20"  34  ""25=  / 
Decl.  =    +62°     1'  i 

1901.608  124?3  28 '92 

.758  124.8  28.72 


1901.68  124.5 

The  only  observation  is  : 


28.82 


1783.22        49?4        19^53        Ik        ? 
There  is  no  star  in  this  place.     In  the  notation 
then  in  use  this  angle  corresponds  to  40?6ji/.     If  it 
is  read  .s/,  the  angle  would  be  130?6.    The  principal 
star  is  D.M.(61°)2039. 


W  XX.  1168 


R.A.    =20"  35' 
Decl.  =    +37  = 


1'* 

58'  \ 


In  Weisse,  "duplex;  comes  ad  boream."  This 
star  has  no  companion.  The  description  appUes  to 
S  2708,  which  is  near  by. 


H  aa»».    UA 

V1.(Z  J4ZZV.      B.r 

R.A. 

=  20". 35 "'52'  ( 

Decl. 

=    +    2°  32'  \ 

1901.512 

138?  9 

24  .'65 

.529 

138.3 

24.65 

1901.52  138.6  24.65 

H  says,  "  large  star  very  red."  It  did  not  appear 
so  on  this  occasion,  nor  when  examined  by  me  in 
1876.     139?7:20"±  :(1830). 
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P  673 

R.A.    =  20''36"'29' 

Decl.  -    +20°  17' 

A  and  B 


1900.438 
1901.799 


3r51 
3.83 


1901 . 11 

297.2 
A  and  C 

3.67 

1900.438 

165?3        105.-8 

Single  di.st 

1901.799 

165.0        105.62 

I'.tOl.ll 

165.1         105.71 

OS  411.    7.8...  10.9 

R.A.    =20''.38">17* 

I 

Decl.  =    +45'  24' 

) 

1901.531                314^2 

17 '03 

.608               311.6 

16.19 

1901.57 
Rectilinear  motion. 


312.9 


16.61 


H  2994.     17  Capricorni. 
R.A.    ==20»'39">12»  ) 
Decl.  =    -  21°  57'  \ 

Herschel  gives  338?7  :  20-±  :  6  .  .  .  18  (1830);  "re- 
quires verification."  I  examined  this  star  several 
times  with  the  18i-in.  in  1877  under  favorable  condi- 
tions without  finding  any  comjianion;  and  on  two 
nights  wa.s  unsuccessful  uith  the  40-in.  It  is  safe  to 
say  the  suspected  companion  has  no  existence. 


Skinner.     8.8  . 

.8.8 

R.A.    =20  ".TO" 

46>; 

Decl.  =     -  17° 

8'  i 

1900.515               299?8 

3^43 

1901.471               297.9 

3.66 

.531               299.1 

3.60 

1901.17  298.9  3.56 

From  a  list  of  doubles  furnished  me  several  j-ears 
ago  by  Professor  Skinner,  of  the  Xaval  Observatory, 
noted  l)y  him  in  his  meridian  work.  It  has  since 
been  cjitalogued  bv  Innes. 


02  412  i-f'J.     7.3 


10.9 


10.9 


R.A. 

=  20M1'"    1'  / 

Decl 

=    +50'  14'  \ 
A  and  B 

1901.260 

280?  3 

25.-21 

.318 

281.5 

25.32 

.320 

281.1 

25.27 

1901.30 


281.0 


25.27 


B  and  C 

1901.260 

6?0 

4.-98 

.318 

9.3 

4.83 

.320 

7.0 

4.83 

1901.30  7.4  4.88 

At  this  time  there  were  no  nieiisures  of  these  stars 
published. 

r\  Cephei.    3.5  ...  11 

R.A.    =20"  42™  51'/ 
Decl.  =    +  61°  22'  f 

1900.684  38?8  85'18 

.744  38.5  85.30 


1900.71  38.6  85.24 

The  only  previous  measures  are  : 

1879.35  33?8  100 '54  2;/  ^ 
The  large  star  has  a  proper  motion  of  0.-816  in 
6?7,  and  the  computed  place  of  the  companion  from 
this  movement  and  the  measures  of  1879  is  39'?1  : 
85 '61.  The  small  star  is  therefore  not  moving  with 
the  other. 

H  1381.     55  Cygni.    6  ...  10.8 


R.A.    =  20  "44 '"50-  ( 

Decl.  =    +45°  40    ^ 

1901.531                174? 0 

20^70 

.608               173.8 

20.74 

1901.57                 173.9 

20.72 

rt'ithout  change. 

1875.11        174°0        20-49 

2n 

H  3004.     10.9  .  .  .  10.9 

R..\.    =  20 MO'"  15-  ( 

Decl.  =    +62°     5'  \ 

1901.531                 197? 7 

3^74 

.758                197.8 

3.88 

1901.64  197.7  3.81 

This  is  in  the  field  p  the  8m  star,  D.M.(61°)2057. 
The  only  observations  are  193?5  :  lA"  :  13  =  13(1830). 


O.Arg.N. 

21247.    8.7  .  . 

.8.8 

R.A. 

=  20" 48'"    2' 

( 

Decl. 

=    +5.-5    .'W 

\ 

1901.531 

184?3 

9.-64 

.608 

183.5 

9.53 

1901.57  ia3.9  9.58 

"Duplex"  in  O.Arg.     No  other   measures.    The 


components  are  reddish:  greenish. 
ions  more  distant. 


Other  compan- 
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H5514 

.A. 

=  20"  49" 

31' 

)ecl 

=    -    5° 

31' 

Described  by  H,  200° ±  :  7"±  AB;  70° ±  :  12" ± 
AC,  all  small  stars.  There  is  a  faiut  triple  of  11m 
stars  near  this  place,  but  the  angles  do  not  corre- 
spond.    Glaseuapp  was  unable  to  find  it. 

OS  421  rej.     8.0  ..  .  9.3 

R.A.    =  20"  50'"  47"  ( 
Decl.  =    +31°  43'  \ 

1901.531  192?6  36^73 

Hussey  measures  a  12.5  star,  77'?5  :  30'57  (1898.58). 


Howe.     L  40496.    6.8  . 

.  11 

R.A.    =  20"  51"-   2  = 

Decl.  =           0      0 

1901.529                  71? 7 

26?30 

.531                 72.0 

26.25 

1901.53  71.8  26.27 

The  other  measures  are  : 

1879.50        71^8        26*19        2*i        Cin'^ 
The  principal  star  has  a  considerable  proper  mo- 
tion, but  the  authorities  differ  as  to  the  amount; 
0:i09  iu  20-4?2  (Bossert);  0W5  in  180°  A.G.    The 
stars  seem  to  be  moving  together. 

D.M.(0°)4621.    8.8  ..  .  12.7  ...  9.0 


R.A. 

=  20  ".51- 

21'/ 

Deal. 

=     +    0° 
A  and  B 

8'  \ 

1901.529 

335?  7 

11^44 

.531 

334.1 

11.36 

1901.53 

334.9 
AandC 

11.40 

1901.529 

138?  6 

41 '25 

.531 

138.7 

41.38 

1901.53  138.6  41.31 

In  the  Harvard  Zones,  "  double,  comp.  /."    The 
only  measure  is  : 

1879.50        137?4        41 '76        2)i        Cin' 


H  3006.     D.M.(2°)4285.    9.7  . 

.  .9.7 

R.A.    =  20"54"'51'  ( 

Decl.  =    +    2°  29'  \ 

1900.551                292°9 

1'73 

1901.455               289.8 

1.53 

.512               293.2 

1.72 

1901.17 


292.0 


1.66 


The  prior  observations  are  : 
1830  300°  ±         0r5 

1878.17        291.0  1.81 

L  40682.  6  .  .  .  8.8 
R.A.  =  20  "54"' 58'  ) 
Decl.  =    -f  18°  52'  ( 

1901.531  333?3 

.720  333.5 

.739  333.4 


In 
•In 


1901.66  333.4  45.68 

Both  stars  in  D.M.     The  only  measure  is  : 
1880.63        332?7        44 '66        2n        p 

D.M.(0  )4644 
R.A.    =20"  56"  24'  / 
Decl.  =    +   0°  10'  \ 

Described  in  the  Harvard  Zones,  .sp  :  3"  ±  :  9  . . .  12. 
There  is  no  companion  of  any  kind,  and  nothing  as 
described  near  this  place. 


H  1606.    D.M.(53°)2533. 

8.8 

.  .  .  9.7 

R.A.   ^ 

20 ".57™    5 

'> 

Decl.  = 

4-  54°     4 

\ 

1901.531 

186?  4 

18^33 

.608 

185.6 

18.51 

.739 

185.9 
186.0 

18.34 

1901.62 

18.39 

H   gives   185°1  :  12 

±  (1828). 

There  is 

nebula  in  the  field. 

fine 


H  1608.  7.4  ..  .  10.7 
R.A.  =  20"  59"  9'  ( 
Decl.  =    -f  11°  58'  i 

1901.509  257?9  19^41 

.586  257.3  19.73 


1901.54  257.6  19.57 

The  measm'es  at  Cin  iu  1879  show  no  change. 
Many  stars  in  the  field. 

H  274.  10.6  ...  11.0 
R.A.  =21"  1-^20'  ) 
Decl.  =    +11''  24'  S 

1901.586  91?1  9^46 

.589  91.9  9.52 


1901.58  91.5  9.49 

Not  in  D.M.,  but  closely/D.M.(ir  )4483.    H  found 
93°±  :5"±  :9.  .  .  10(1820). 
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H  3009.     X  Capricorn  i.     6  .  .  .  11  .  .  .  12.2 


R.A. 

=  21"   1« 

41»^ 

Decl. 

=    -  21° 
A  and  B 

41'  \ 

1900.687 

66?0 

67: 17 

.742 

66.2 
66.1 

66.82 

1900.71 

67.00 

BandC 

1900.687 

89?3 

18-17 

.742 

89.5 

18.33 

1900.71 


89.4 


18.25 


The  proper  motion  i.s  small,  0  ^053  in  186°0.  There 
is  a  15m  star  110?9:39'2  from  A.  H  gives  68?5  : 
70- ±;  90  ±  :10'±  (1830). 

OS  527 


R.A.    =21"   2"- 
Decl.  =    -f-    4  = 

i-\ 

1900.551                272°3 
.553               266.7 

0^46 
0.41 

1900.55                 269.5 

0.43 

H3011.     D.M.(5  )4707. 

8.2. 

.  .  14.5 

R..\.    =21"   2" 
Decl.  =    +    5 

.;:j 

V.m.-m                232?6 
.706               232.8 

17-08 
17.39 

1900.70 


232.7 


17.23 


The  principal  star  hius  a  proper  motion  of  0^170 
in  206°0  (Porter).  The  only  mea.sure  Ls :  255°4  :  20"  ± 
(1830).  There  is  a  6^3  pair  of  11m  stars  from  A, 
269' :  148'. 

OS  428  rfj.    7.9  ...  9.7 

R.A.   =21"  3"'    1'  J 
Decl.  =    4-    6'   10    i 

1901.531      256? 5      24-11 
.586      256.1      24.21 


1901.56 

256.3 

24.16 

Without  change. 

Harvard 

Zones.    H.;) .  . 

.9.2 

R.A. 

-  21"  4">   0» 

Decl. 

=   -f  0°  49' 

1901.531 

318?  7 

O'W 

.586 

315.1 

0.79 

1901.56 


316.9 


0.86 


Noted  as  double  in  the  Harvard  Zones.     This  is 
D.M.(0  )4(i74.     Only  measured  as  follows  : 

1S77.06        318?3        0^72        3)i        A 

S  779.     L  41086.    7.5  ...  8.5 


R.A. 

=  21"  4"  26^ 

Decl. 

=    +38=  14' 

1900.725 

10?  3 

112:77 

1901.260 

10.5 

112.37 

1900.99  10.4  112.57 

There  are  two  or  three  faint  stars  between,  and 
many  in  the  field.     The  only  other  measures  are  : 
1824.81        10?8        114-78        2/t        South 


S  2778.    s..-.  .  . 

.  10.5 

R.A.   =21"   9" 

28'  ( 

Decl.  =     -    1° 

44'  \ 

1900.551                273? 3 

19:63 

.553               273.0 

19.90 

1900.55  273.1  19.76 

2"s  distance  in  1828  of  21 :19  seems  to  bo  too  large. 
1865.33        269?9        20-21        5h        J 
2h        /3 


1880.72        271. 2        19.91 


H5516 

R.A.    =  21"10"'    ±  ( 
Decl.  =    +    2°  29'  f 

Descrilx>d  by  H,  "quadruple;  all  in  a  line,"  the 
principal  star  9m  and  the  others  ISin  and  20m. 
This  place  wa.s  carefully  swept  over,  but  nothing 
found  which  seemed  to  answer  the  description. 


A.G.C 

13.      T   ( 

'!/gni 

R.A. 

=  21"10"' 

0^1 

Decl. 

=    +.37- 

32'  \ 

1897.689 

324?(; 

0-94 

1898.345 

.322.2 

0.78 

.482 

322.1 

().H6 

1898.17 

323.0 
p  163 

0.86 

R.A. 

=  21"12"' 

47'^ 

Decl. 

=    +11° 

4'  \ 

l'.K)0.7H2 

9?1 

82:41 

1901.471 

9.5 

82.55 

.512 

9.3 

82,35 

1901.25 


9.3 


82.44 
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I  have  measured  this  10.9m  distant  star  for  the 
pui-pose  of  having  hereafter  an  independent  value  of 
the  proper  motion  of  AB. 


H52€ 

5.    9.6  ..  .  10.] 

R.A. 

=  21''15">10=  ) 

Decl. 

=   -  22=  as  i 

1901.589 

191°  9 

81 '68 

.758 

193.7 

31.56 

1901.67  192.8  31.62 

The  principal  star  is  Cord.D.M.(22^)15347.    This 

pair  was  put  on  the  list  to  see  if  the  apparent  change 

in  distance  was  real. 
1879.65  19?  1        22.'85        In        Cin'^ 

1890.57        191.1        32.19        2m        Glasenapp 
Evidently  without  change. 

H  281.     D.M.(16=)4505.    8.7  ..  .  9.2 


R.A. 
Decl. 

=  21'>15™32'=  ) 
=    +16°  14'  \ 

1901.589 
.729 

3.a3?9 
335.3 

13f97 
14.09 

1901.66  334.6  14.03 

No  change  since  measures   of   Leavenworth   in 
1896  and  Cin  in  1879.    H  made  the  distance  17  '52 

(1829.57). 

H  3023.     p  Eqmtlei 


R.A. 

=  21'' le™ 

56=  ) 

18'  \ 

Decl. 

=    +    6° 

A  and  B 

1901.509 

258?3 

33^86 

.589 

258.9 
258.6 

33.88 

1901.55 

33.87 

CandD 

1901.509 

188?  1 

6"13 

.589 

187.6 

5.48 

1901.55 

187.8 
A  and  C 

5.80 

1901.589 

306?  0 
A  and  E 

68.-49 

1901.589 

275?3 

93:49 

S  788.     7.2  .  . 

.  7.3 

R.A. 

=  21i'17"> 

31'/ 

Decl. 

=    —    7° 

6-  \ 

1900.473 

88?  1 

44.'15 

.476 

88.0 

44.43 

1900.47 


88.0 


44.29 


No  other  measures  since  1824. 
1824.78        83?5        36^78 


•In 


South 


The  components  are  L  41562  and  L  41563.  The 
change  in  distance  is  supported  by  the  meridian 
positions,  which  give,  Lalande  37^25  (1800)  and 
Lamont  39  .'35  (1850). 


H  5517.     18  Aquarii 


R.A. 
Decl. 


21"  17" 
-  13  = 


H  has  "a  most  minute  point  strongly  suspected," 
and  gives  270°  :  13"  (1823).  I  have  looked  for  this 
many  times  in  the  last  twenty  years  with  various 
apertures,  without  finding  anything  of  this  kind. 
The  40-in.  shows  nothing  nearer  than  the  distant 
star  measured  in  1877. 


Hdl65 

R.A.    =21"  19"  48^:  ) 
Decl.  =    -  28'  50'  :  \ 

The  description  in  the  Harvard  Observations  is 
1.37":  10"±  :  8i  .  .  .  11(1868.82).  There  certainly  is  no 
such  pair  in  or  anywhere  near  this  place.  I  looked 
for  it  in  1876,  and  again  with  the  40-iu.  It  may  be 
identical  with  a  Cin  pair,  having  about  the  same  R.A., 
but  8"'  north  of  theHd  place.  The  description  agrees: 
142?9:  8.-22:8.  .  .  10(1879.54). 


H  5271.     10.6  .  .  .  11.6 


R.A. 
Decl. 


1901 . 760 
.799 


21»20™ 
-  25 

43?  6 

48.0 


6^27 
6.68 


1901.78                   45.8 

6.47 

Herschel  gives  : 

1834.6        40?7         l.'5±         \n 

H 

H  1668.    8.4  ..  .  9.5 

R.A.    =  21  ".31  "56=  ( 

Decl.  =    +23'     8'  i 

1901.414                 34? 8 

8^16 

.416                 37.0 

8.31 

.473                 36.2 

8.23 

1901.43 

H   gives  34?2:  l' 
double  in  A.G. 


36.0 


8.23 


10  ...  12  (1828).    Noted  as 
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H  941.     i  Pegasi. 

6.  . 

12.0 

R.A.   =21  "32"' 

31^ 

Decl.  =    +    5° 

14 

1901.471               337?7 

26^31 

.509               336.2 

26.29 

.512               338.3 

26.10 

1901.50  a37.4  26.23 

H  calletl  the  small  star  17in.  The  large  star  has 
a  proper  motion  of  0'103  in  84-5  (Boss.).  The  only 
measures  are : 

1878.71        344?9        25^95        In        p 


S798 

=  9  VI.  103. 

e 

Pegasi 

R.A. 

=  21":M"' 

17 

-  I 

Decl. 

=    +    9' 

20 

■\ 

A  and  B 

1901.760 

325?0 

82  .'16 

.818 

324.8 
324.9 

82.00 

1901.79 

82.08 

AandC 

1901.760 

320^9 

140.'88 

.818 

321.8 

141.34 

.835 

321.1 

141.11 

1901.80  321.3  141.11 

The  proper  motion  of  A  is  very  small,  O'Olfi  in 
132?9.     The  following  are  all  the  measures  : 

AB        1782.97        322?7         90.'93        \n  ? 

1879.54        325.2         81.36        2>i  ^ 

AC         1825.18        323.0       138.51         2n  South 

1874.77        321.6       140.41        3«  J 


\L  Cygni 

R.A.    =21"  38-"  46' 
Decl.  =    +28°  12'   : 

AandC 

1900.647               271^5 
.684                271.2 

10 '99 
41.06 

1900.66  271.3  41.02 

This  12.2m  star  was  added  by  me  with  the  18.J-in. 
The  only  measures  are  : 

1878.91        263?2        35r34        3h        /S 

With  this  place  and  the  proper  motion  of  A  (0'353 
in  13o°4)  the  computed  ]K)sition  (A  C  at  the  alxjve 
date  is  272-4  :  41  '32.  It  is  therefore  evident  that  C 
does  not  belong  to  the  binary  system. 


H285.     11.5...  11.6 

R.A.    =21".39"'    i''  ( 
Decl.  =    +  10°     7'  ^ 


1901.531                 66? 2 

7^44 

.604                 68.2 

7.85 

1901.66                   67.2 

7.64 

H  estimated  distance  2"  to  3". 

It  is  near  D.M 

(10°)4617. 

f  N.  74  =  H  947. 


.  10.7 


.11.7 


R.A. 

=  21"  45" 

57' 

; 

Decl. 

=    +19° 

16' 

AandB 

1901 

799 

94?3 

19'78 

818 

94.1 
94.2 

20.16 

1901 

81 

19.96 

AandC 

1901 

799 

322?  4 

24?32 

818 

321.7 

24.34 

1901.81 


322.0 


24.. S3 


Not  measured  by  either  Herschel.   The  only  other 
measures  are  my  own  in  1879,  which  show  no  change. 


Sh  336.     7.5  . 

.8.1 

R.A.    =  21  "52" 

.36') 

Decl.  =    +    5° 

27'  1 

1901.608               224? 8 

101 r05 

.739               224.5 

100.68 

1901.67  224.6  100.86 

The  other  measures  indicate  some  change  in  dis- 
tance. 

1823.77         226?  0         105 '86         !(-         Sh 
1881.56        224.9         102.17         .3»         /i 

The  components  are  D.M.(5  )4915  and  4913. 


H.  C.  Wilson 

R.A.    =  21"r)4'"  :        ( 
Decl.  =    +    1'  20:  i" 

The  description  in  Cin'°  is  212?1 :  1  ^20  :  8  .  .  .  9 

(1882.76)  1».  There  is  no  such  pair  in  or  near  this 
l)lace.  All  the  stars  are  much  smaller  than  8m. 
The  descrijjtiou  is  not  unlike  2  2856,  which  is  6'"/ 
and  3  (i. 
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Howe.     L  42909.    8  ...  10.8 


10.5 


R.A. 
Decl. 

=  21" 55'"    0'  I 
=    -  16"     1'  \ 

A  and  B 

1901.605 
.739 

271°6 
270.9 

271.2 

9'12 
9.14 

1901.67 

9.13 

AandC(  =  H.5524) 

1901.605 
.739 

292?  4 
291.9 

102-02 
101.71 

1901.67 


292.1 


101.86 


No  other  measures  of  AC.     AB  unehanffed. 


H  289  =  H  5525.    20  PegasL    6  .  .  .  11.4 

R.A.    =  21'>55'^14»  ) 
Decl.  =    +  12°  3R    \ 


1901.799 

324°  6 

52:98 

.818 

324.3 
324.4 

52.84 

1901.81 

52.91 

The  prior  measures  are  : 

1878.95 

325°5 

5r06 

3»        / 

The  proper  motion  of  A  is  0^068  in  136°9,  which 
corresponds  to  the  change  in  distance  shown  by  tlie 
measures. 


OS  (App)  228.    8.1  ..  .  8.7 


R.A. 

=  21 1' 55-"  51^  I 

Decl. 

=    +    4°  12'  \ 

1901.512 

27?2 

75^67 

.604 

27.4 

75.60 

1901.56  27.3  75.63 

The  smaller  star  not  in  D.M.  The  other  is  D.M. 
(4°)4788.  A  has  a  proper  motion  of  0^145  iu  163?2, 
which  explains  the  change. 

1875.69        28?0        73^52        3n        A 

There  is  a  12m  star  fi-om  A,  157?9  :  25.'66  (1901.60) 
In. 


it'  Pegasi 

R.A.    =  22''   3'"54=  j 
Decl.  =    +32°  .35'  i 

A  and  B.     B  =  13.5 
1900.684  317?6 

.687  316.9 


1900.68 


317.2 


27^42 
27.04 

27.23 


A  and  C.     C  = 
1900.684  262?3 

.687  262.3 


1900.68 


1900.684 
.687 

1900.68 


262.3 
A  and  D.     D  =  11.5 
89?3  187^49 

89.3  187.51 


71^67 
71.74 

71.70 


Single  dist. 


89.3 


187.50 


The  only  prior  measures  are  mine  in  1879.  There 
is  an  error  in  the  printed  angle  of  AB;  it  should  be 
314?4. 

S  2866  =  H  1734 

R.A.    =  22"   4' 
Decl.  -    +  40" 

1901.722  53?3 

.796  53.6 


13^^ 

4'i 

9 '16 

9.18 

1901.76  53.4 

No  recent  measures,  but  unchanged. 


9.17 


H  1735. 

L  43266.    7.2 

8.7 

.  .  .  11.2 

R.A. 
Dec! 

=  22"    4"^ 
=    +44" 

21 
15 

■( 

1901.608 

.758 

AandB 

lion 

110.1 
110.1 

27 '18 

27.07 

1901.68 

27.12 

1901.608 

.758 

B  and  C 
164?  7 
164.0 

22^78 
22.70 

1901.68  164.3  22.74 

No  other  measures.    The  Decl.  in  H  is  1     too 
large.    A  and  B  are  D.M.(44°)4059  and  4060. 


H  3094.     10.7  .  .  .  10.7 

R.A.    =22"   5'"    ^-^  ( 
Decl.  =    +    2"  21'  f 

1900.780      301?6 
1901.531      301.7 


1901.15 


301.6 


4 '80 
5.15 

4.97 


H  gives  315?5  :  3"±  :  10  .  .  .  10  (1830).  A  little  p 
this,  and  about  2's  is  a  similar  pair,  components 
equal,  and  same  as  the  other  pair;  114?6 : 3'72 
(1901.15)  2«.  H  957, 310°  ±  :2"±  :  11  .  .  .  11+ (1820) 
should  be  20  »  of  H  3094,  but  I  could  find  only  the 
pairs  measiu-ed,  and  the  last  named  probably  iden- 
tical with  one  of  the  others. 
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H  1741.    B.A.C.  7746.    6.2  ..  .  9.7 

R.A.    =  22''   6"  29'  ) 
Decl.  =    +50°  14'  i 

1900.684  308?5  25^21 

.687  309.8  25.45 


25.35 


1900.68  309.1 

The  principal  star  has  a  proper  motion  of  0-'151 
in  62?5,  which  accounts  for  the  change. 

1828  328?5        20"  ±        1»        H 

1876.29        316.8        23.22        In        A 
1900.68        309.6        25.04        2h        Espin 

S  2875  rej.     S.D.(8°)5835.     8.8  ..  .  11.6 

R.A.   =22"   7"- 23'  ) 
Decl.  =    -    8°  24'  $ 


1901.605 

.758 

44?  1 

45.6 

44.8 

15^00 
14.62 

1901.68 
Vo  other  measures. 

14.81 

11.49 

R.A.    =  22"   8'"    3'  ) 
Decl.  =    +60'   10    \ 

Given  by  ?  as  Class  I  with  angle  4?2  (1783.06). 
The  place  is  that  of  a  6.7m  star.  I  lookcil  for  this 
carefully  in  1876,  and  now  with  the  40-in.,  and  there 
is  certainly  nothing  there.  There  must  be  a  large 
error  in  place. 

H  293  =  S  2888  (v./.    8.7  ...  11.0 


R.A. 

=  22i>ll" 

2-1 

Decl. 

=    +12^ 

22'  \ 

1900.742 

276?  8 

18^41 

1901.509 

276.8 

18.80 

.512 

275.4 

18.44 

1901.25 


276.3 


18.55 


This  is  D.M.(12°)4794.    The  only  prior  measure> 
are  by  H,  276?4  :  lO'i  :  9  .  .  .  13  (1820). 


H  3104.     S.D.(17  )6488.    9.3  .  .  .  9.5 

R.A.    =22"  12"' 35'  ) 
Decl.  =    -  17'  42'  J 


1901.760 
.799 


76?  1 

74.8 


1901.78  75.5 

OnlyH,  83?9:8-±  (1830). 


10-39 
10.15 

10.27 


S  2892  >•<■]■     »-i  .  .  .  11.1  .  . 
R.A.    =22"  12-"  55') 
Decl.  =    -  11-  24'  \ 


wm.im 

.799 


A  and  B 
59?  1 
56.0 


9.2 


11-86 
11.53 


1901.78 

57.5 
A  and  C 

11.69 

1901.760 

263?  1 

35  .'96 

.799 

262.6 

35.98 

1901.78  262.8  35.97 

In  Mens.  Microm.,  p.  xxxiv,  2  gives : 

1831.32  50? 0  9^0 

1831.32  266.0  35.0 

Howe 

R.A.    =22"  14'":       ( 
Decl.  =    +    5°    3':  i 

The  measure  by  Howe  in  Cin"'  is  121?6  :  1'03: 
8.5  ..  .  9.0  (1879.64)  In.  This  pair  should  be  8'  south 
of  the  triple  30  Pcgasi.  There  is  no  such  pair  either 
in  or  anywhere  near  the  given  place.  All  the  neigh- 
toring  stars  were  examined.  It  is  imdoubtcdly 
identical  with  P  842,  which  is  about  10'"p  and  3 '  ?)  of 
the  place  given  above.  The  description  corresponds 
exactly. 


D.M.(10  )4731.    8  .  . 

11 

R.A. 

=  22"14"' 

25' 

/ 

Decl. 

=    +10° 

26' 

1 

1901 

.589 

305?  1 

39' 

78 

.609 

305.4 

40 

12 

305.2 


39.95 


1901.60 

H  observed  this  star  for  S  2998,  which  is  2'"/,- 
310?7  :  35  "±  (1830).  He  called  the  comixments 
orange  :  blue.  A  appears  yellowish,  but  no  notice- 
able color  in  B. 


H  3106.     7  Ainiarii 

R.A.    =22  "15  ■"27'  / 
Decl.  =    -    1°  59'  \ 

1901,586  131? 2 

.605  132.8 


41f98 
42.35 

42.16 


1901.59  132.0 

The  only  measures  of  this  12.2m  star  are  : 
1838.76        125?9        49'46        In        Lamont 
1878.72         12'.l.(;        4.'!.S7         ]>i        fi 

The  principal  star  has  a  proper  motion  of  ()'103 
in  80?5. 
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OS  (Aju,)  231.     L  43659.    8.2  ..  .  8.4 


R.A. 

=  22"  16"' 37'  ( 

Decl. 

=    +    9°  20'  \ 

1901.608 

110?2 

90^79 

.739 

110.3 

90.92 

1901.67  110.2 

The  only  measures  are  : 

1875.74        109?8        91-02 


90.85 


H  1756.    6.7  ..  .  10.6  .  . 

.13.2 

R.A.    =22'- 16 '"42' 

( 

Decl.  =    +40°     !■ 

\ 

A  and  B 

1901.722               286^6 

2ir85 

.739               286.4 

22.31 

1901.73                 286.5 

22.08 

A  and  C  (new) 

1901.722               325?8 

22-47 

.739               325.8 

22.39 

1901.73  325.8  22.43 

H  gives  for  AB   283?5  :  15"  ±  :  9  .  .  .  12  (1828). 
The  magnitude  of  A  in  D.M.  is  6.5. 

H  3108  =  OS  (App)  232.     8.4  ..  .  8.4 
R.A.    =  22i'17"';i4'  I 
Decl.  =    +    3°  14'  ( 

1901.799  190? 9  67-67 

.818  190.9  67.49 


1901.81  190.9 

The  other  measures  are  : 

1875.98        190?4        65^72 

W-  XXII.  382.     8.8  .  . 

R.A.    =  22 "IS"' .31  ■■ 
Decl.  =    +40°   18' 

1901.473  52° 3 

.722  55.0 

.739  53.6 


67.58 


4». 


9.0 


6^59 
6.49 
6.69 


1901.64  53.6  6.59 

In  VVeisse  "duplex  6"."    No  other  measm'es. 

H3116.     D.M.(6  )5023.    9.5  ...  12.5 

R.A.    =22"  21 -"15'  ) 

Decl.  =    +    6°  56'  i 

1901.720  257?  7  25 -'52 

1902.471  257.8  25.95 


1902.09 
No  measures  in  H  : 


257.7  25.73 

'estimated  from  diagram.' 


Harvard  Zones.    9.5  ..  .  9.6 

R.A.    =  22'' 22-"  53'  ) 
DecL  =    +    0°  40'  \ 

1901.720      181?5       3^04 
.760      182.5       3.22 


1901.74 


182.0 


Noted  iu  Hd  Zones,  «/:  3": 
It  is  D.M.(0°)4879. 

Krueger  60 


3.13 

No  other  measures. 


1901.37 

131.4 

A  and  C 

1901.318 

58?  8 

.320 

58.5 

.375 

58.4 

.473 

58.8 

1901.37 

58.6 

A  and  D 

1901.318 

98?  7 

.328 

98.4 

.375 

98.5 

1901.34        98.5 

A  and  D.M.(56°)2784 

1901.318  144?62 
.320  144.72 
.375  144.63 
.474      144.52 


1901.37 


144.62 


3.35 

36^59 
36.26 
36-69 
36.66 

36.55 

66:73 
66.95 
67.57 

67.08 

199:31 
199.50 
199.15 
199.65 

199.40 


It  was  apparent  soon  after  the  first  remeasiure- 
ment  of  A  by  Doolittle  that  these  stars  belonged  to 
the  type  of  61  Cygni,  where  the  change  in  the  relation 
of  the  components  is  due  to  their  different  proper 
motions.  These  are  small  stars,  and  their  movement 
iu  space  had  not  been  noticed  by  meridian  observers 
and  those  interested  in  stellar  motions. 

To  determine  whether  or  not  the  third  star,  meas- 
ured by  me  in  1890,  has  any  proper  motion  of  its 
own,  I  have  connected  A  with  the  nearest  bright  star, 
D.M.(56°)2784.  The  positions  of  A  and  this  star  are 
in  the  A.  G.  catalogue,  and  these  give  for  the  relation 
of  the  two  151?9  :  195^35  (1873.2).  Comparing  this 
with  my  direct  measures,  assuming  that  the  distant 
star  is  fixed,  we  have  for  the  proper  motion  of  A 
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0.'903  in  247?2.  The  present  measures  of  AC  and 
those  of  1890  make  this  value  0^927  iu  2U°9.  The 
close  agreement  of  these  results  makes  it  practically 
certain  that  the  change  is  solely  due  to  the  move- 
ment of  A.  Taking  the  mean,  0 '915  in  246?0,  as  the 
test  value  for  this  motion,  and  my  measm'es  of  AB 
in  1890  and  1901,  we  have  for  the  proper  motion  of 
B  0'702  in  the  direction  of  239?0. 


H5528 

R.A.    =  22"  SI"  22-  I 
Decl.  =    +    8'  11'  i 

H  gives  90'  ±  :  1|-  :  11  .  .  .  12  (1823);  "elongated ; 
not  fairly  divided."  The  place  is  exactly  that  of  the 
9.1m  star,  D.M.(8  )4902  =  W  '  XXII.  631.  I  looked 
at  this  star  with  the  6-in.  in  1876,  and  with  the  18J- 
in.  in  1877  without  seeing  any  indication  of  duplicity. 
I  could  find  no  pair  in  or  near  this  place  with  the 
40-in. 


H  5529.    K  Aquarii 

22" 31 -"32'  ) 
-    4°  51'  \ 


R.A. 
Decl. 


H  describes  this  290°±:4i-±  (1827);  "an  ex- 
cewlingly  minute  point  strongly  suspected."  I  have 
looked  in  vain  for  this  many  times  in  past  years. 
The  40-in.  under  fine  conditions  failed  to  show  any 
companion.  The  piincipal  star  has  a  proper  motion 
of  0.'142  in  219?2. 

1^  Pefjcusi.     .  .  .  12.0 

R.A.   =  22" 35"- 38' > 
Decl.  =    +  10°  12'  i 

1900.B15  139n  63^45 

.551  138.9  63.72 


1900.53  139.0 

The  only  measures  are  : 

1879.54        137?8        64^33 


63.58 


1» 


The  proper  motion  is  0'(J67  in  105?5,  and  this  ap- 
pears to  account  for  the  change  in  distance. 


¥  N.  140.    L  44382.    6.5  ..  .  9.1 


K.A. 
Decl. 

=  22"a5"'51* 
=    -    5-  44' 

1901.589 
.703 

262?  2 
262.4 

75.-21 
75.33 

1901.64 


262.3 


75.27 


No  measures  in  T$.,  but  callwl  Class  II.  The 
place  is  given  bj'  H  as  alxjve.  There  is  nothing  of 
Class  II  in  or  near  this  place. 


S2933r(;/.    D.M.(10  )4804.    9.2  ...  10.4 


R.A.    = 

Decl.  = 

=  22''36"'49' 
=    -f  10°  22' 

1901.586 
.589 

218?4 
215.3 

216.8 

4no 

4.42 

1901.58 

4.26 

No  other  measures. 

H3139.    13 


13 


R.A. 

=  22''38">37'  I 

Decl. 

=    -f    4-  43'  \ 

1900.725 

208?  5 

2-17 

.742 

221.7 

2.80 

1900.73 


215.1 


2.48 


Described  by  H,  142"  :  2"  ±  :  11  =  11  (1830).  The 
pair  measured  is  in  the  correct  place  substantially, 
but  description  does  not  agree.  In  the  field  is  a 
triangle  of  11m  stars,  the  side  of  which  is  about  23". 
The  /  star  of  this  triangle  is  98?3  :  33  a  from  A  of 
the  double. 


H301. 

1  Pegasi. 

5.  . 

.  12.2 

R.A 

=  22  MO-" 

42- 

i 

Decl.  =    +  11° 

33' 

\ 

1897.714 

110?  5 

12'22 

1898.492 

108.0 

12.61 

.502 

110.3 

12.08 

1900.515 

110.6 

12.36 

.551 

109.1 

12.22 

.553 

109.3 

12.43 

1899.39  109.6  12.32 

H  called  the  small  star  18m,  and  gave  the  angle 
122?8  (1820).  There  are  no  other  early  measures. 
The  large  star  has  a  consideraljle  proper  motion, 
0'541  in  158?9,  and  the  companion  is  moving 
with  it. 

1866.79        117?7         12-17        2»        A 
1879.38        112.6        11.93        in        fi 


OS  480  =  H  1809 

R.A.    =  22"11"'  19-  ( 
Decl.  =    +57°  27'  i 

1900.742  117?3  30^76 

Without  change.  In  1873  I  thought  th(!  principal 
star  was  elongatctl,  but  it  was  roimd  with  all  powers 
at  the  time  of  the  above  measme. 
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?  VI.  97.    t'  Aquarii. 

.  .  9.5 

R.A.    =  22  »  43  "'14^ 

Decl.  =    -  14°  13' 

1900.647               294? 4 

133 '33 

.666               293.9 

132.95 

1900.65  294.1  133.14 

No  measures  in  the  last  seventy-five  years. 
1783.60        288?5        123^61        In        ? 
1825.30        292.4        133.44        2n        S 

The  proper  motion  is  very  small,  0"059  in  227?5. 


H  1825.     D.M.(12  =  )4904.    9.0  . 

.  .9.3 

R.A.    =  22"  47'"  50  ■^  / 

Decl.  =    +  12°  58'  \ 

1900.553               223? 2 

1?77 

.666               222.2 

1.77 

1900.61 


222.7 


1.77 


H  gave  230°±  :  1"±  :  10  ...  11  (1828);  "very 
delicate;  could  not  verify  it,  having  mislaid  the  high 
power."  No  other  measures.  In  1876  I  looked  up 
and  estimated  distance  1  '2. 

H  3152.     L  44810 

R.A.    =  22 M8"'  4C>  / 
'      Decl.  =    -  10'     1'  \ 

Given  by  H  135?4  :  3'±  :  9  .  .  .  15  (1830).  "  Large 
star  very  red.  A  very  difficult  object.  Measured 
with  320,  which  still  left  a  suspicion  of  illusion, 
though  I  have  hardly  a  doubt."  I  have  looked  for 
this  several  times  previously  wdth  apertures  up  to 
18J-in.,  but  have  never  seen  any  trace  of  a  companion. 
It  was  examined  on  two  nights  with  the  40-in. 

H  974.     D.M.(4°)4921.    8.7  ..  .  9.7 


R.A. 

=  22'' 49"' 20*  / 

Decl. 

=    +   4=  ir  f 

1901.529 

88?5 

44^33 

.531 

88.3 

44.27 

88.4 


44.30 


1901.53 

H  has  91?5  :  40  "±  :  9  ...  12.    A  has  a  proper  mo- 
tion of  O'll  in  213?7  (Boss.). 

S  2972  rej.     D.M.(-0')4451.    9.3  .  .  .  11.7 


R.A. 

=  22"  56"  34=  ) 
=    -    0'  23'  \ 

Decl. 

1901.589 

147?  4 

15^42 

.605 

148.5 

15.. 56 

1901.60 


147.9 


15.49 


Only  H,  who  has  198?0  :  12 "  ±  :  9-10  ...  14  (1830). 
The  angles  do  not  agree.  Two  other  similar  pairs 
were  measuretl  in  the  immediate  vicinity.  The  first 
is  D.M.(-0  )444o,  1.59?1  :  24^40  :  8.5  .  .  .  12.7  (1901.60) 
In;  and  theother  D.M.(-0044.53,  172?7  :  19^14  :  10.8 
.  .  .  10.9  (1901.60)  1)(.    The  latter  star  is  9.5m  in  D.M. 


H  3164.     L  45137.    6.9 


12 


R.A. 

=  22"  58"' 52^  ( 

Decl. 

=    -  17^  44'  \ 

901.586 

129?  5 

55^06 

.758 

130.0 

55.11 

1901.67  129.7 

Only  H,  136?5  :  30"  ±  (1830). 


55.08 


Christiania  A.G.  3744.    8.8  . 

..9.0 

R.A.  =23"  6-"  11=  1 

Decl.  =    +a5     15'  i 

901.318               265? 4 

14^83 

.474               265.0 

14.91 

1^101.40  265.2  14.87 

No  change  since  my  measm'es  in  1891. 

H  1855.     10  ...  10 


R.A.    =  23"   B"-  18 


■■| 


Decl.  =    +  44°  56' 
1900.782  111?2  4f44 


1901.320 


113.0 


4.64 


1901.05 

H  gives  296?7  :  IJ 
but  the  place  is  correct. 


112.1  4.54 

11  =  11  (1828).    Not  in  D.M.. 


2  2993 


R.A.    =23"   7"- 47  = 
Decl.  =    -    9°  35'    ■ 

A  and  B 

1900.515               176? 6 
.744               176.9 

25^41 

25.38 

1900.63 


176.7 


25.39 


No  relative  change,  but  they  have  a  common 
proper  motion  of  0'519  in  93?4.  There  is  a  distant 
star  not  moving  with  the  others. 


1900.. 515 

114?5 

126-08 

.666 

114.5 

126.17 

.744 

114.5 

125.85 

1900.61 

114.5 

126.07 

24.82        109?2 

158^17 

2h        South 

69 


70 


Measures  of  Double  Stabs 


P  182 


FLA. 

=  23''10"' 

52' 

1 

Decl 

=    -  14' 

28' 

A  and  B 

1900. 7i2 

41^4 

0^60 

1901.586 

43.3 

0.56 

1901.16 

42.3 
AB  and  C 

0.58 

1900.666 

77-5 

69^49 

.742 

77.7 

69.56 

.7M 

77.2 
77.5 

69.61 

1900.72 

69.55 

1901.586 

77:0 

70^03 

.608 

77.4 

70.20 

1901.59 


70.11 


I  measured  the  distant  star  first  in  1898  in  order 
to  get  an  independent  value  for  the  large  proper 
motion  given  the  close  pair  from  meridian  observa- 
tions (1.'302  in  201  ?2). 

1898.66        79?9        68-04        2n        p 

The  measures  indicate  that  this  unusually  large 
proper  motion  for  a  faint  star  is  substantially  correct. 


H  3183.    9.1  .  .  .  12.1 


12.1 


R_\. 

_23i'll» 

43' 

i 

DecL 

=    -    2° 

23' 

A  and  B 

1901.605 

95?3 

95  .'76 

.720 

95.9 
95.6 

95.60 

1901.66 

95.68 

BandC 

1901.605 

11?2 

4^37 

.720 

16.3 

4.34 

1901.66 


13.7 


4.35 


A  is  S.D.(2  >5921.    H  gives  for  BC  12?3  :  2' ± 
(1830;. 


RA. 
Decl. 


H  VI.  61 

23'' 14- 
+    4' 


14' 
44' 


Herschel's  place  is  that  of  7  I'isciuw.  His  de- 
scription ia,  "they  form  a  triangle, each  .side  of  which 
is  about  1 ',"  and  speak.s  of  it  a.s  near  the  bright  star. 
I  could  not  find  anything  here  which  could  be  satis- 
factorily identified. 


H  3185.    Xeb 13.4 

RA.    =23''15°36«  ) 
Decl.  =    +   8°  14'  \ 

1901.720  164^0  2iri2 

.760  163.3  21.37 


1901.74 


163.6 


21 .24 


Described  by  H,  160  =  :  14  .  .  .  14  (1830);  "a 
double  with  some  nebulous  appendage."  A  of  the 
above  measures  is  a  faint  nebula  (Dreyer  7634).  No 
star  was  seen  in  the  nebula. 


H  1889. 

7.7  ..  .  V. 

) 

.11 

.7 

RA. 

=  23''26" 

4 

i 

Decl. 

=    +37° 

39' 

A  and  B 

1900.706 

241?4 

44.-05 

.744 

241.1 
241.2 

43.80 

1900.72 

43.92 

A  and  C 

1900.706 

57?8 

55^79 

.744 

57.1 

55.84 

1900.72 


57.4 


55.81 


H  gives  AB  238?2  :  20'±;  AC,  58?2  :  25"  ±  (1828). 
There  is  a  13.5m  star  from  A  211?8  :  29-6. 


Winnecke.    )^.") . 

R.A.    ==23'>26'<' 
Decl.  =    -f  30° 

1901.796  164?9 

.815  166.0 


9.2 


1^59 
1.37 

1901.80  165.4  1.48 

The  only  measures  are  : 

1863.85        168?5        1'51        2«         Wu 

There  is  a  13.5m  star  l.S3?2  :  23'4.  aud  a  3"  pair 
of  10.5m  stars  in  the  Bold  sp.  The  principal  star  has 
a  proper  motion  of  0'148  in  61?4  (Kustuer).  Evi- 
dently the  comixjnents  are  moving  together. 


9  N.  35  =  H  316.    6.9  . 

.  .  10.8 

RA.    =23" Si"  27' 

1 

Decl.  =    -  13'  44' 

1901.608                 92?9 

33.-21 

.758                  92.7 

;«.09 

.796                 92.3 

m.2,1 

1901.72  92.6  33.22 

The  only  prior  measures  : 

1877.8:3        92?7        33'22         l;i         P 
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H  1898.     tc  Andromedac.    4  .  .  .  11.1  .  .  .  11.1 


R.A. 

=  23''.34"- 

.30^ 

Decl. 

=    +43" 
A  and  B 

40'  \ 

1901.625 

191?9 

46^82 

.815 

191.6 
191.7 

46.69 

1901.72 

46.75 

A  and  C 

1901.625 

294?  5 

105  .'08 

.815 

294.8 

104.83 

1901.72 


294.6 


104.95 


The  proper  motion  of  A  is  0'078  in  107  ?8,  which 
explains  the  change  in  the  distance  of  C. 

1879.24        188?  7        46 '64        3«        [i 
1879.24        294.6      103.17        1h        ^ 


W '  XXIII.  696 

R.A.    =  23 ".35"'    7-  ) 
Decl.  =    -    5      ')'  \ 

"  Duplex  "  in  Weisse,  but  this  is  an  error,  as  this 
star  is  not  a  double  of  any  class.  The  wide  pair 
measiured  for  this  in  Cin^  is  l"  287^  and  5  •5m.  No 
change  in  that. 

1901.796        67?6        42r02        9.0...  9. 5        In 


S  3032  rej.    L  46416.    8.3 


10.0 


R.A. 

=  23''35'" 

16^/ 

Decl. 

=    +14'- 

7'( 

1901.720 

338?  9 

19.-23 

.758 

339.0 

19.23 

1901.74 


338.9 


19.23 


The  only  observations  by  H,  339?5  :  15*  ±  (1828). 


Harvard  Zones.    9.7  .. . 

13.0 

R.A.    =  23^35 -"50  5 
Decl.  =    +    0°  41'    : 

1901.605               146? 0 
.608               146.3 

75r64 
75.64 

1901.60                 146.1 

75.64 

In  Hd  Zones  s/:  30"±  :  9  ...  14. 
5035. 

A  is  D.M.(0  ) 

Egbert.     D.]\I.(16  )4980.    8.7  ..  .  8.8 


R.A. 

=  23'' 40"' 26*  / 

Decl. 

=    +16    25    \ 

1901.608 

88°2 

1  '32 

.703 

85.5 
86.8 

1.22 

1901.65 

1.27 

Given  with  approximate  place  in  Cin  : 

1879.66        89?0         1.'37         2n         Cin 
Also  noted  as  double  in  A.G. 


J  28.     D.M.(62°)2296.     8.6  .  .  .  10.8  .  .  .  10.1 

R.A.    =23"  41"  32"  | 
Decl.  =    +  62°  a3'  \ 

A  and  B 

357?9 


1900.742 
1901.722 


359.2 


1'73 
1.56 


1901.23 

358.5 
A  and  C 

1.64 

1900.742 

144°  7 

10^43 

1901.722 

144.8 

10.54 

1901.23 


144.7 


10.48 


Discovered  by   Dembowski   in    1876.      Only 
measures  : 


1877.29 
1877.29 


358°  6 
143.6 


1  '61 
10.33 


3» 
3m 


S  835.     20  Pischirn.    6  ...  8.6 


R.A.    =2,3''41'"4G' 

Decl.  =     -    3    26 

1900.553               285° 0 

172^66 

.666               285.3 

172.81 

19(X).61  285.1  172.73 

The  only  prior  measures  are  : 
1824.83        287?2        170.'92        2n        South 


W    XXIII.  896 

R.A.    =23"  43"' 15*  ) 
Decl.  =    +24°  41'  S 

"  Duplex  "  in  Weisse,  but  certainly  not  double. 
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72                                                         Me.\.c:iees  of 

Double  St.\rs 

W'XXTII.  865 

Camb.  A.G.  14394 

R.A.    =2.3'>43"'40'  ) 
Decl.  =    +  16'  12'  i 

R.A.    =23'' 54  "-16' 

Decl.  =    +  26    lo' 

"Duplex"  in  Weisse.    Examined  twice,  and  not 
a  double  of  anv  kind. 

Noted  in  Camb.  A.G.  as  a  "close  double."    I  have 
lookwl  at  this  6.5m  star  three  times  in  1901.    On  the 

last  occasion  85  Pegasi,  which  is  close 

by,  was  easily 

H  319.     D.M.(10')5003.    9.5  ..  .  11.7 
R.A.    =  2.3 Mo™  42*  ( 

measured.     At  no  time  was  there  an. 
this  star  being  a  double  of  any  kind. 

•  indication  of 

Decl.  =    +10'  .37'  S 

1901.605               285? 1                15 '49 

.608               284.3               15.29 

Duner.     D.M.(6°)52a3.    9.0. 

R.A.    =23" SB"  11^  ) 
Decl.  =    +    7'     2'  \ 

.  .  9.5 

1901.60                 284.7                15.39 

No  other  measures. 

1900.666               264?8 

15^04 

W  XXIII.  1008.    '.).0...9.1 

.668               263.8 

15.11 

R.A.    =  23'>50™40») 
Decl.  =    -    1'  11'  i 

1900.66                 264.3 

15.07 

1900.780               253?4               11^86 
.782               254.0               11.76 

The  only  measiu-es  are  : 
1869.31        265?3        15r26        3h 

Duner 

1900.78                 253.7                11.81 

"  Duplex  "  in  Weisse.    Xo  other  measures. 

P  733.    8a  Pegasi 

H321.    7.5...  11.2 

R.A.    =  23>'55'"54» 
Decl.  =    +26"  27' 

R.A.    =23''51""38») 
Deal.  =    +  10'  48'  i 

A  and  B 

1901.703               132? 9               20 '30 
.720               132.3               20.64 

1900.854               253? 0 

A  and  C 

1900.854               342?6 

0^97 

1901.71                 132.6               20.47 

36^65 

No  other  measures. 

.873               342.1 

36.55 

D.M.(10  j5017.    8...  12.5 

1900.86                 342.3 

36.60 

R.A.   =23''53'"39>) 
Decl.  =    +  10'  35'  i 

1901.608               122? 7               25^76 

W  XXIII.  1147 

.760               120.7               25.56 

R.A.    =  23"  ;-,(•>■'■ -10' 

1901.68                 121.7               25.66 

Decl.  =    +    2'  43' 

Measured  the  first  time  by  mistake  for  the  pre- 

"Duplex"  in  Weisse.     There   is 

no  companion 

ceding  pair,  H  321.    No  other  obsenations. 

star  near  enough  to  be  mentioned. 

l;.A.    =  0''28"'56' 
Decl.  =  +  37'     2' 

1900.725  168? 7 

.742  169.0 

.780  169.6 


1900.75 


169.1 


II.      NEW    DOrBLE    ST.\RS 


P  1291.     D.M.(.37')94.    8.4  ..  .  12.8 


2.'94 
2.75 

2.85 

2.78 


P  1292.     D.M.(3°)161.    8.5  ...  9.0 

R.A.   =  1"   1"'.35'  I 
Decl.  =  +    3'  46'  ( 

I'.KKI.TSO  24?5  n'31 

1901.586  21.S  O.'JC, 

.796  2(;.4  O.2.". 


1901.39 


24.2 
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p  1293.    L  5287.    7.1  . 

R.A.    =  2'>45"'56' 
Decl.  -  +  46=  40' 

1900.687  352?  6 
.780  350.9 
.782      352.9 


10.7 


1900.75 


3.52.1 


1'73 
1.68 
1.75 

1.72 


Found  in  measuring 
and  0'9s. 


321  rej.,  which  is  2°>  3l\f 


p  1294.     D.M.(46')731.    8.8 

R.A.   =3n2"'24'  ) 
Decl.  =  +46°  15'  \ 

1901.589  228? 9 

.712  226.8 

.758  227.7 


1901.69 


227.8 


.8.9 


6. '33 
6.26 
6.11 

6.21 


The  components  are  red  and  green.    The  D.M. 
magnitude  of  A  is  9.2. 


P  1295.     2  CamelopardaU. 
R.A.   =4"  30"  27^ 


5  . 


1901 


758 
796 
818 

851 


1901.80 

140.4 
A.BandC  (=2  566) 

0.21 

1900.780 

290?0 

1'61 

.782 

286.5 

1.60 

1901.589 

289.5 

288.7 

1.12 

1901.05 

1.54 

AB  and  D 

1900.780 

212?4 

23:13 

.782 

212.5 

23.35 

1901.589 

213.6 

23.30 

1901.05 


212.8 


23.26 


The  principal  star  of  the  S  pair  is  a  close  and 
somewhat  unequal  double,  and  is  certainly  a  binary 
system,  and  probably  in  rapid  motion.  The  S  com- 
panion was  measured  by  me  in  1888  with  the  36-in., 
and  the  close  pair  would  have  been  detected  with  the 
present  distance.  The  large  star  has  a  proper  mo- 
tion of  OaOO  in  1.53?2  (Porter),  which  is  also  the 
movement  of  the  old  companion.     That  star  is  iu 


slow  retrograde  motion  about  the  close  pair,  as  \n[\ 
be  seen  from  the  following  measures  : 


1829.79 

311?4 

1^58 

4h, 

s 

1846.44 

304.6 

1.61 

3n 

0 

1870.02 

299.0 

1.63 

3». 

J 

1888.92 

291.9 

1.58 

3h 

^ 

1901.05 

288.7 

1.54 

3» 

fi 

The  small  star  D  was  added  by  me  with  the  3(5-iu. 
The  only  other  measures  are  : 

1888.92        209?8        23^66        3»        § 

With  this  position  and  the  proper  motion  of  AB 
the  place  of  C  at  the  date  of  my  last  measures  should 
be  212?3  :  23^16  (1901.05).  As  this  is  practically 
identical  with  the  measures,  it  is  certain  that  the 
small  star  does  not  belong  to  the  triple  system. 


P  1296.    L  12112.    8.0 

R.A.    =  6"  14"'    6^ 
Decl.  -  -    7'  12' 


,8.5 


1900.780 


201?0 


0:21 


A  close  and  difficult   pair   found   in  measuring 
H  2315,  which  is  58'/  and  3.'2.s. 


p  1297.     S.D.(22°)4158.    8.7  ..  .  9.5 

R.A.    =  16"  IS-"  10'>  ) 
Decl.  =    -  22»  21'  \ 


1901.359 

140?  6 

roi 

.395 

137.0 

1.92 

.433 

137.7 

1.90 

1901.39  138.4 

Found  in  looking  for  H  4851. 


1.91 


P  1298. 

7.6  ..  .  8.9 

R.A. 

= 

16''53"'49s  ) 
-f    9'  52'  \ 

Decl. 

= 

A  and  B 

1901.. 5.31 

91?  7 

0'26 

.586 

88.0 

.589 

84.8 
88.2 

0.33 

1901.57 

0.29 

AB  and  C  (=  02  App  150) 
1901.359  165?4  76'44 

.375  164.9  76.62 

.586  164.8  76.57 


1901.44 


165.0 


76.54 
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Measures  of  Double  Stars 


Cand  D(:=2  2nir«7.i. 

1901.359  164^0 

.375  164.5 


164.2 


..12 

2;^  .'91 
24.19 

24.05 


1901.37 

The  principal  star  of  this  wide  pair  is  a  close  and 
difficidt  double.    The  only  other  measure  of  C  is  : 
1874.84        165'?2        77.'02        3n        J 
Probably  no  sensible  proper  motion,  as  the  me- 
ridian positions  by  Lamont  give  lH4'-5  :  Tti'Tl  (1844.5). 
The  close  pair  has  been  measured  at  Mt.  Hamilton  : 
1901.69        92?3        0.'26        3n        Aitkeu 
No  other  measures  of  CD. 


P  1299. 


D.M.(10'>3337.    8.5. 

R.A.    =  17"  51  "-SO' 
Decl.  =    +  10°  58' 

A  and  B 


B.5  .  .  .  11.5 


1900.476 

1.55?  6 

0.'48 

.515 

151.6 
1.53.6 

0..55 

1900.49 

0.51 

AB  and  C 

1900.476 

63?  5 

26^69 

.512 

62.7 

27.44 

.515 

62.7 

27 .  18 

1900.50 


63.0 


27.09 


The  close  pair  was  suspected  with  the  6-in.  in 
1872,  and  subsequently  overlooked  until  the  present 
time. 


P  1300.    30  Sagitfarii.    6  . 

.  .13 

R.A.    =  18M.3"'.38'  ) 

Decl.  =     -  22'   15'  i 

1900.473               247? 6 

21  '28 

..512                245.6 

21.40 

1902.. 567               246.5 

21.71 

1901.18 


246.6 


21.46 


The  large  star  has  a  small  proper  motion,  0'075 
in  260?0. 


P  1301.     L. 37.588.    8.5 

9.5 

.  .  .  9.5 

R.A.   =  WMO-" 

25' 

( 

Decl.  =    +    4° 

0' 

\  and  BC 

1900.. 551                 66?  3 

.56-76 

.553                 66.7 

56.89 

.647                 67.0 

56.74 

1900.58 


66.7 


56.80 


BandC 

1900.551 

336?  6 

0'66 

.553 

337.1 

.742 

341.1 

0.68 

.780 

334.1 

0.62 

1900.66  337.2 

This  is  27'/ and  3  H  of /3  468. 

P  1302.     D.M.(22')4170.    8.2  . 

R.A.   =  20'':»'"32» 
Decl.  =    +  22'  io' 

A  and  B 

1901.414  140? 2 

.416  134.7 

.433  142.3 


0.65 


12.3  ...  8.4 


2 '15 
2.03 
2.21 


1901.42                 139.1 

2.13 

A  andC 

1901.414               209?0 

.52 '31 

.416               208.5 

.52.21 

.433               209.2 

62.06 

1901.42                 208.9 

52.19 

C  is    D.M.(22°)4169.     The   A.G. 

position 

208?0:  51^87. 

P  1303.     L  41 147.    7... 

13.2 

R.A.    =:21"   6™  56^  I 

Decl.  =    +    2°   19'  i 

1900.551                235? 0 

3 '91 

.553               237.5 

4.00 

.725               236.9 

4.14 

give 


1900.61 


2.'56.5 


4.02 


P  1304.    L  41433.    8.1 

R.A.    =  21  •■  H  ■"    ' 
Decl.  =     - 


.  .  12.7 


1( 


1900.473 
.476 
.615 


57?  1 

57.8 
60.9 


1900.49  68.6 

Found  in  looking  for  2  2778. 

P  1305.     D..M.fl2  )4622.    8.8  . 

K.A.    =  21>'.'?9'"    9' 
Decl.  =    +10-  14' 

BandC 

1901.. 5.31  50?8 

.76^)  45.7 


3. '29 
3.23 

2.82 

3.11 


9.9 


10.5 


1901.64 


48.2 


0r97 
0.98 

0.97 
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CORRECTIONS 

Page    5.  0.Arg.X.21.    i-'oc  2 '592  read  22 '59. 

13.  S  353  rej.     In  the  angle  by  H  for  56°4  rmd  65?4. 

18.  D.M.(2P)69-1.     In  the  note /or  lO'H  ?-ead  10' ». 

28.  S  550.     For  L  15459  and  154fi0  read  14559  and  14560. 

35.     Howe.     The  pair  measured  is  new.     The  Howe  pair  was   afterwards    found   and 
identified  as  D.M.(24=)  2709. 

37.  S2031rp/.     For  D.M.(-r)37(51  r«/dD.M.(-l')3161. 

57.  e  AtpiiJai'.     In  the  proper  motion  for  203?6  read  3.36?7. 

60.  OS  412  r<j.     In  flie  R.A.  for  41 "'  read  42 '". 

74.  p  1305.     /''<'r  D.M.  (12  )4fi22  re,,d  D.M.I  10)4622. 
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A  and  BC 

1901.531 

90?  9 

88r46 

.605 

91.5 

88.87 

1901.57 


91.2 


88.66 


p  1306. 

D.M.(22°)4484 

R.A.   = 

21M3">58^/ 
+  23''     1'  f 

Decl.  = 

A  and  B 

.    8  .  .  .  12.3 

1901.414 

295?  7 

31^25 

.416 

294.4 

31.64 

.433 

294.9 
295.0 

31.05 

1901.42 

31.31 

C  and  D. 

12.2  .  .  .  12.6 

1901.414 

346;  9 

I'Ol 

.433 

337.5 

0.96 

.799 

344.8 
343.1 

1.68 

1901.55 

1.22 

A  and  CD 

1901.414 

275?9 

33r03 

.416 

275.6 

32.88 

.433 

276.2 

32.84 

1901.42 


275.9 


32.92 


P  1307.     53  Aquarii 

B..A . 

==  221' 20"' 

3'^ 

Decl. 

=     -  17° 

21'  i 

A  and  B  ( 

=  9  N.  41 

=  ah  .345) 

1900.687 

309?  3 

6^99 

.742 

309.7 

6.87 

.780 

309.2 
309.4 

6.92 

1900.73 

6.93 

Band  C 

1900.742 

339?  5 

46  .'49 

.780 

338.6 

46.62 

1901.758 

339.1 

46-86 

1901.09 


339.1 


46.66 


C  and  D  ( 

new).    12.9  . 

.  13.9 

1900.742 

95?  7 

2'12 

.780 

101.4 

1.75 

1901.758 

102.4 

1.B9 

.854 

106.2 

1.85 

1901.28 


101.4 


1.83 


In  measuring  the  faint  star  C  as  a  check  hereafter 
on  the  proper  motion  of  AB  as  given  from  meridian 
positions,  it  was  found  to  be  a  rather  difficult  pair. 
C  has  not  been  measured  before.  Porter  gives  the 
movement : 

A        0.'203  in  90?0 

B        0,212  in  84.3 

He  says  that  the  value  for  the  precetling  star 
(Bnidlt  V  2953)  is  somewhat  uncertain,  and  it  is  evi- 
dent that  if  the  direction  of  the  motion  of  A  is  cor- 
rect, the  direction  of  B  must  be  more  than  90%  since 
the  stars  are  approaching  each  other.  Comparing 
the  measures  of  AB  given  above  with  those  of  Dem- 
bowski  in  1866,  «ith  Porter's  proper  motion  of  A,  we 
have  0.'244  in  the  direction  of  91?7  for  the  movement 
of  B.  The  nearest  approach  of  the  components  will 
occm-  in  about  145  years,  when  the  distance  between 
them  will  be  only  2 ".  This  system  is  like  that  of  61 
Cygni,  and  a  large  number  of  similar  pairs  where 
the  respective  components  have  nearly  the  same 
movement  in  space. 


308.     D.M.(12 

)4837.    9.4  . 

12.2  .  .  .  13.3 

R.A. 

=  22>'26'" 

18 

( 

Deal. 

=    +12° 

34' 

BandC 

1900.782 

56?  5 

1'20 

.796 

62.2 

0.78 

.854 

71.9 

1.32 

1901.81        63.5 

A  and  B  (-H  1776) 
1900.744      274? 7 
.782      273.7 
1901.720      273.8 


1.10 

9 '06 
9.44 
9.52 


1901.08  274.1  9.34 

The  close  pair  is  a  difficult  object.    H  gives  for 
AB277?5:5-±  (1828). 
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MICROMETRICAL  OBSERVATIONS  OF  EROS 


MICROMETRICAL  OBSERVATIONS  OF  EROS  MADE  WITH  THE 
FORTY- INCH  REFRACTOR  OF  THE  YERKES  OBSERVATORY 
DURING  THE  OPPOSITION  OF  1900-1901 

E.  E.  Barnard 

In  accordance  with  the  scheme  for  a  systematic  series  of  observations  of  Eros,  carried  on  in 
this  country  and  in  Europe,  for  a  redetermination  of  the  solar  parallax,  the  following  observations  of 
the  planet  have  been  made  with  the  filar  micrometer  of  the  forty-inch  telescope. 

A  few  explanations  only  are  necessary  for  a  proper  understanding  of  the  measures.  The  times  of 
observation  are  referred  to  the  90°  meridian  and  are  G^  0™  0^  slow  of  Greenwich  mean  time.  The 
last  two  columns  contain  the  parallax  factors  in  time  and  arc. 

In  the  first  column  for  Aa  the  uncorrected  value  is  given;  following  this  is  the  correction  for 
refraction.  The  next  column  contains  the  value  of  the  Aa  corrected  for  refraction.  The  AS  is  treated 
in  a  similar  manner.  In  the  column  immediately  following  the  times  is  given  the  number  of  the 
comparison  star.  The  magnitudes  of  these  stars  are  sometimes  indicated  in  this  column;  but  an  extra 
list  gives  the  magnitudes  of  all  the  comparison  stars.  In  the  next  column  are  the  number  of  inde- 
pendent settings  which  go  to  make  up  the  observation  —  they  are  generally  five  in  number. 

The  corrected  Aa  are  yet  to  be  multiplied  by  y^j  sec  S.  From  the  uncertainty  of  the  positions  of 
the  comparison  stars  at  present,  it  has  not  been  thought  desirable  to  reduce  these  Aa  to  time. 

No  correction  has  been  applied  to  the  micrometer  screw  for  temperature,  because  both  screw  and 
tube  are  of  steel,  and  hence  have  the  same  temperature  coefficients  which,  acting  in  difPerent  directions, 
mutually  cancel  each  other.  A  shortening  or  lengthening  of  the  screw  by  cold  or  heat  is  compensated 
by  a  corresponding  shortening  or  lengthening  of  the  tube.  Observations  of  Aflas  and  Pleione  of  the 
Pleiades,  carried  through  some  five  years,  have  shown  that  the  change  of  the  focal  length  of  the  great 
glass  alone  is  to  be  taken  into  account,  and  only  a  small  portion  of  this — the  difFerence  between  the 
change  in  the  tube  and  the  change  in  the  focus.  From  summer  to  winter  the  focus  shortens  from  the 
action  of  the  cold  upon  the  lens.  The  shortening  of  the  focus  is  greater  than  that  of  the  tube,  the 
extreme  difference  being  about  0.3  inch,  though  the  entire  shortening  of  the  focus  is  upward  of  three- 
fourths  of  an  inch.  This  difference  is  the  only  temperature  change  that  will  affect  the  measures,  and 
is  easily  taken  into  account  by  the  following  small  table,  which  shows  the  effect  of  this  difference 
between  change  of  focus  and  tube  for  a  measured  distance  of  300": 

CORRECTIONS  FOR  FOCUS  SCALE  READINGS 


Change  in  Scale 

Correction 

(inch) 

0.01 

0.'003 

0.05 

0.016 

0.10 

0.033 

0.15 

0.049 

0.20 

0.066 

0.25 

0.082 

0.30 

0.098 

0.35 

O.IU 

If  the  scale  reading  for  focus  has  not  been  read,  this  table  can  be  used  in  conjunction  with  the 
following  table,  which  depends  on  the  temperature,  and  which  has  been  deduced  from  the  measures  of 
Aflas  and  Pleione  referred  to: 
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Temperature 

Scale  Reading 

+  80" 

(F.) 

2.305  inches 

+  75 

2.2i»0 

+  70 

2.274 

+  65 

2.259 

+  60 

2.244 

+  55 

2.227 

+  50 

2.212 

+  45 

2.195 

+  40 

2.180 

+  35 

2.163 

+  30 

2.148 

Temperature 

Scale  Reading 

+  25° 

(F.) 

2. 132  inches 

+  20 

2.11(5 

+  15 

2.101 

+  10 

2.085 

+    5 

2.069 

0 

2.054 

-    5 

2.039 

-10 

2.022 

-15 

2.(KR) 

-20 

1.9ill 

-25 

1.975 

11  is  not  recommended  that  this  table  be  used  for  these  observations  of  Erot^,  for  reasons  that  will 
be  given  in  a  paper  on  the  focal  changes  of  the  great  telescope,  to  be  published  later. 

The  extreme  change  from  the  setting,  2.20  inches,  to  which  the  value  of  the  micrometer  screw 
has  been  adjusted,  and  which  occure  at  a  temperature  of  50^  F.,  would  scarcely  exceed  0.10  inch 
throughout  the  observations  of  Eros,  and  would  introduce  an  error  of  only  something  like  O.'Oii  in  the 
largest  distance  measured. 

The  value  of  one  revolution  of  the  micrometer  screw  used  in  these  observations  was  determined 
from  many  measures  of  the  difference  of  declination  of  Atlas  and  Pleione,  Electra  and  Celaoio,  6' 
and  (T-  Tauri,  etc.  This  value  is  OTGGS  and  was,  as  stated,  determined  for  a  temperature  of  50°  F.  and 
a  scale  reading  of  2.20  inches.  Should  it  be  thought  desirable  to  correct  any  of  these  measures  for 
focal  change,  it  can  easily  be  done  from  the  material  here  given.  So  far  no  correction  of  this  kind 
has  been  applied. 

The  micrometer,  made  by  Warner  and  Swasey,  is  illuminated  by  a  small  electric  lamj),  the  light 
from  which  (Burnham's  method)  is  under  instant  control,  so  that  the  wires  can  bo  quickly  made  faint 
or  V)right  at  will.  The  current  is  turned  off  from  this,  except  when  the  actual  measures  are  made,  so 
that  no  beating  of  the  screw  will  occur.  The  measures  were  mainly  made  with  a  magnifying  power 
of  4G0  diameters,  but  a  power  of  700  was  frequently  used  when  the  distances  were  not  too  great  and 
the  atmosphere  steady  enough.  In  all  the  measures,  to  avoid  parallax,  the  objects  have  been  bisected 
in  the  center  of  the  field  by  a  quick  adjustment  of  the  eyepiece  over  the  object. 

The  parallel  to  the  equator  was  carefully  determined  at  the  point  of  observation.  With  this 
setting,  the  AS  was  measured;  the  wires  were  then  revolved  90°  in  position  angle  and  a  set  of  AS 
obtained  by  direct  measures.  The  micrometer  was  then  revolved  back  through  90°  and  another  set 
of  AS  secured.  In  the  absence  of  a  chronometer  a  good  Howard  watch  was  used  for  rec-onling  the 
observations.  Its  error  was  determined  by  comparison  with  the  standard  Howard  clock  of  the  Obser- 
vatory. The  time  of  each  setting  was  recorded  to  the  nearest  second  by  the  observer  himself,  who 
worked  without  any  recorder. 

The  distances  measured  were  limited  to  about  D'  by  the  construction  of  the  niicrouictt  r.  Know- 
ing the  desirability  of  securing  measures  with  as  many  comparison  stars  as  possible,  the  planet  was 
connected  with  every  star  directly  available  and  not  too  faint.  In  making  the  measures  it  was 
thonght  l)est  lo  finish,  say,  the  settings  for  Ao  for  each  of  the  stars  in  turn  before  revoh  ing  the  wires 
for  the  AS.  This  was  done  as  quickly  as  possible  with  due  reference  to  accuracy.  The  AS  was  then 
measured  for  all  the  stars,  and  the  micrometer  turned  back  again  for  the  Aa.  Though,  by  (his 
method,  the  obsen-ations  were  not  strictly  symmetrical  in  some  cases,  it  is  thought  (liat  the  aildidoiial 
advantage  of  so  many  com[mrison  stars  observed  at  the  same  time  will  more;  than  balance  (liis.  The 
parallel  was  carefully  determined  several  times  each  night,  Vjoth  at  the  point  of  obsi-rvadoii  and  at  the 
equator  near  the  meridian. 

The   coincidence    of   (lie   micrmnedT    tiireads    remained   (•ons(aii(    wiOi    scarcely   auy    |Mr((|iti1ilr 
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change  throughout  tlie  observations.  The  wires  of  the  micrometer  were  frequently  examined,  to  see 
that  they  were  parallel  to  each  other,  and  in  the  measures  they  were  frequently  interchanged,  thus  to 
a  certain  extent  producing  the  effect  of  double  distances. 

It  was  necessary  frequently  to  use  very  small  comparison  stars,  because  no  others  were  within 
reach  of  the  micrometer.  After  Eros  passed  from  the  Milky  Way,  the  presence  of  considerable  stars 
in  the  field  became  quite  rare.  Early  notification  of  this  fact  was  sent  to  Paris,  and  it  is  assumed 
that  the  photographic  plates  will  contain  the  comparison  stars  down  to  at  least  the  12A  magnitude. 
In  some  cases  it  was  necessary  to  use  13m  stars. 

The  corrections  for  refraction  have  been  computed  by  Mr.  H.  A.  Fischer,  Jr.  (who  has  also 
checked  the  reductions  of  the  observations)  from  the  formula) 

A  (a '  —  a)  —  .sx  [tan-  ^  cos  {p  —  q)  sin  q  +  sec  u  sin  {p  —  rt)]  ,  (1) 

A  (8 '  —  8)  —  .V X  [t;ur  ^  cos  (p  —  q)  cos  q  -\-  sec  n  cos  (/*  —  (()]  ,  ("2) 

which  are  from  Chauvenefs  Splierical  and  Pracfical  Astronomij.  The  original  form  of  the  first 
formula  is  multiplied  by  sec  h.  This  was  omitted  in  the  reductions  to  make  the  refraction  correction 
in  right  ascension  harmonious  with  the  direct  measures  of  Aa. 

The  refraction  corrections  were  computed  for  a  mean  condition  of  the  barometer  without  regard 
to  the  altitude  of  the  Observatory  (about  1,100  feet).  The  computations  were  then  gone  over,  and 
where  the  error  would  amount  to  as  much  as  OTOl  a  special  refraction  was  computed. 

Besides  the  computation  of  the  refractions,  Mr.  Fischer  has  done  much  of  the  work  of  compila- 
tion, and  has  otherwise  given  the  most  efficient  aid  in  all  the  work.  His  skill  has  aided  in  the  detec- 
tion and  elimination  of  many  errors  in  the  reductions. 

A  list  of  barometer  and  thermometer  readings  is  given  farther  on.  The  barometer  is  located  on 
the  wall  of  the  hall  at  the  east  end  of  the  main  building,  some  three  hundred  feet  from  the  large 
telescope.  During  the  winter  this  part  of  the  building  is  heated  by  steam  to  a  temperature  of  70° 
or  75°,  which  will  account  for  the  relatively  high  readings  of  the  attached  thermometer. 

The  barometer  and  thermometer  are  read  by  one  of  the  night  employees  of  the  Observatory  at 
9  p.  M.,  1  A.  M.,  and  4  A.  M.  No  record  of  the  barometer  reading  is  kept  by  the  observer,  because  of  the 
above  three  readings  each  night.  The  observer,  however,  always  keeps  a  record  at  frequent  intervals 
during  the  night  of  the  thermometers  inside  and  outside  the  dome. 

In  nearly  all  the  observations  the  seeing  was  poor,  and  at  times  very  bad.  It  is  not  believed, 
however,  that  this  will  materially  affect  the  results,  as  every  precaution  was  taken  to  eliminate  its 
effects.  In  general  it  meant  that  a  longer  time  must  be  devoted  to  an  observation.  The  major  portion 
of  the  measures  fall  in  the  worst  possible  season  here  for  observation. 

The  work  was  much  interfered  with  by  clouds.  Every  available  chance  was  taken  advantage  of 
by  the  observer  to  secure  frequent  measures  of  the  planet  during  the  night,  on  account  of  the  request 
that  as  many  observations  as  possible  should  be  obtained  each  night  to  eliminate  the  effects  of  clouds 
at  other  points.  When  this  was  known,  the  observer  began  at  once  to  devote  as  much  time  as 
possible  throughout  the  night  to  observations  of  the  planet. 

Altogether  there  are  1,50(')  sets  of  measures,  each  depending  on  an  average  of  five  settings  of  the 
wires;  making  in  all  about  7,500  individual  settings  of  the  micrometer  wires.  Each  night  a  diagram 
of  the  field  of  view  was  made  to  insure  identification  of  the  comparison  stars.  Copies  of  all  these 
have  been  sent  to  Paris.     All  of  the  observations  have  also  been  sent  to  Paris  in  manuscript. 

During  the  winter  of  1901-2  the  position  of  the  great  telescope  was  carefully  determined  from 
numerous  stars,  with  the  following  results: 


North  end  of  polar  axis  too  low,  0'  39' 

North  end  of  polar  axis  too  far  west,  0   iS" 
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In  the  winter  of  1897  the  position  was  found  to  be: 

North  eud  of  polar  axis  too  low,  0'  10' 

North  end  of  polar  axis  too  far  west,  1 '    0' 

showing  that  the  instrument  has  not  materially  changed  its  position  in  the  past  four  or  five  years. 
The  horizontal  flexure  of  the  tube  has  not  yet  been  fully  determined,  though  a  number  of  observations 
have  been  made  for  this  purpose.  The  results  so  far  show  it  must  be  small.  From  this  it  will  be  seen 
that  the  jxjsition  of  the  instrument  itself  can  in  no  way  seriously  enter  into  the  results  as  a  sensible 
factor  in  the  differential  measures. 

The  following  discordant  observations  have  been  noted: 

1900,  October  1-1 :  The  observation  at  IT*"  10™  may  be  of  a  fixed  star. 

1900,  October  17:  The  Aa  at  11''  49""  IV  does  not  seem  to  be  reconcilable  with  the  comparison  star.  Possibly 
another  star  was  used  in  this  measure. 

1900,  Octoljer  26  :  17''  36"°  14''.    Observation  uncertain,  on  account  of  clouds. 

1900,  November  1 :  This  measure  is  not  imderstood.     Question  if  right  comparison  star;   also  question  if 

Aa  or  A5. 

1900,  November  3:  This  is  not  Eros. 

1900.  November  4 :  The  observation  at  18''  B'"  hP  may  lie  of  *  2  and  an  11m  star,  instead  of  with  Ei-os  —  there 
was  such  a  star  1 '  ±  nj).  Same  date,  17''  67""  37S  This  observation  may  be  uncertain.  It  does  not  reconcile  closely 
with  the  others. 

1900,  November  26  :  IS""  21"°  43*  and  16"  10""  16^  One  of  these  measures  seems  to  be  wrong.  The  last  one  is 
perhiips  correct. 

1900,  December  2  :  S*"  42""  29^.    The  A5  alone  was  observed  for  this  star. 

1900,  Decemljer  20:  These  measures  made  by  glimpses  through  clouds  and  are  an  hour  apart.  It  is  ques- 
tioned if  they  lx)th  refer  to  same  star.     A  break  in  the  clouds  each  time  gave  only  a  few  moments'  observation. 

On  January  16  the  observation  times  are  subject  to  some  uncertainty.  A  half-hour  after  the 
last  observation  of  Eros,  while  measuring  the  satellite  of  Nef)tune,  the  watch  ran  down  from  want  of 
winding.  No  comparison  had  yet  been  made  with  the  standard  clock  on  that  night.  The  watch  had 
been  keeping  excellent  time  previous  to  this,  and  also  after  this  date.  It  is  believed  the  given  times 
can  be  relied  on  to  within  5'  or  less  for  this  date.  The  night  afterward  the  watch  was  intentionally 
allowed  to  go  without  winding,  and  when  almost  run  down  its  rate  did  not  materially  change,  so  that  it 
is  believed  the  observation  times  are  closely  correct ;  but,  of  course,  there  must  be  some  uncertainty 
attached  to  them. 

The  following  errors  of  the  watch  will,  it  is  thought,  give  confidence  in  the  close  exactness  of  the 
observation  times: 

ERRORS  OF  THE  WATCH,  lOTl,  JANUARY 

gd   ghgom       .        .        .        .     fast  0"' 4.3'       W^   9"    r,™ 
12    7  21      - 
11     2    0 
It     '.t     3      - 

U  11    11  -        - 

14  17  23      - 
16     7  40 
16     8     6      - 


"    0   46 

16 

10  39 

-       "    0   44 

16 

18  23 

"    0   44i 

-       "    0   43.V 

17 

6     4 

"    0   42 

17 

7  32 

watcli  ran  down 

17 

8  .59 

fast  l"'20.'.•• 

17 

II      6 

fast  1' 

"2V 

1 

21 

1 

1 
1 
1 
1 

21 

19 
19 

\H, 
19 
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Comp. 

No. 

Star 

Obs. 

1 

4 

2 

4 

1 

4 

2 

4 

1 

5 

2 

5 

8.6 

5 

8.6 

5 

8.6 

5 

8.6 

5 

8.6 

est. 

8.6 

5 

8.6 

6 

8.6 

6 

12 

6 

12 

5 

12 

5 

1 

4 

2 

4 

1 

4 

2 

4 

1 

4 

2 

5 

10.3 

5 

10.3 

5 

10.3 

5 

1 

5 

2 

5 

1 

6 

2 

6 

1 

5 

2 

5 

1 

6 

2 

6 

B.D. 

1 

B.D. 

4 

B.D. 

5 

B.D. 

6 

B.D. 

4 

1 

4 

2 

4 

1 

4 

2 

4 

1 

4 

2 

4 

9.8 

5 

9.8 

5 

9.8 

5 

9.8 

5 

9.8 

5 

9.8 

5 

1 

6 

2 

5 

1 

6 

2 

6 

1 

6 

2 

6 

1 

6 

2 

7 

1 

5 

3 

5 

3     • 

5 

1 

5 

9 

6 

9 

4 

9 

5 

9 

5 

Parallax  Factors 


Oct.  2 


8"  12'"  5' 

8  16  19 

8  21  11 

8  25  35 

8  33  as 

8  38  25 

8  50  8 

8  56  51 

9  3  22 
11  32  21 
11  .35  22 
11  39  0 
11  45  9 


11 


Oct.  8 


Oct.  9 


.33 


16  46  38 

16  56   4 

17  4  18 


Oct.  3  12  50  19 

12  55  13 

13  1  7 
13  5  43 
13  11  0 
13  18  7 


Oct.  4  11  59  3 
12  6  50 
12  13   6 


27  23 

32  50 

41  23 

47  a3 

54  13 

59  11 

8   5  37 

8  11  34 

8  32  56 

12  36  25 

12  42  57 

13  4  28 
13  10  38 
16  41  36 
16  45  42 
16  50  40 

16  54  29 

17  1  48 
17  5  8 
17  9  44 
17  15  4 
17  20  49 
17  26  37 
17  31  37 
17    36  51 


15  30 

22  49 

30  29 

35  33 

42  33 

47  57 

53  35 

8      0  7 

8    32  20 

8    36  39 

8    42  24 

8    47  39 

14    11  12 

14    15  53 

14    20  42 

14    26  53 


-0'  51 '05 
+0      5.70 


-0    11.43 
+1    13.19 


+1    12.55 


+0      2.62 
+0    15.63 


+0    23.61 


-1      2.71 
+0    32.97 


-1      6.41 
+0    29.76 


-2    31.64 
-2  "37!24 


-1  12.34 

+0  44.84 

-1  14.49 

+0  42.94 

-0  59.63 


-1      2.65 
-1      3.55 


+0    45.03 
-0    44.. 34 


+0    41.01 
-0    48.70 


-0      2.79 
-0    31.82 


-0.'03 
+0.01 


+0.03 


0.00 
+0.03 


+0.02 


0.00 
0.00 


+0.01 


-0.06 
+0.03 


-0.05 

+0.02 


-0.05 
-6.65 


-0.03 
+0.02 
-0.04 
+0.02 
0.00 


-0.01 
-0.01 


+0.04 
-0.04 


h0.04 
-0.04 


-0.01 
+0.03 


-0.02 


-0'  5ir08 
+0      5.71 


-0    11.12 


-0    11.43 
+1    13.22 


+1     12.57 


+0      2.62 
+0    15.  &3 


+0    23.62 


-1      2.77 
+0    a3.00 


-1      6.46 
+0    29.78 


-2    31.69 
-2"37!29 


-1  12. .37 

+0  44.86 

-1  14.53 

+0  42.96 

-0  59. &3 


2.66 
3.56 


+0    45.07 
-0    44.38 


+0    41.05 
-0    48.74 


+0      2.78 
+0    31.85 
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-0'  16  .'73 
+1    15.53 


+0  4.36 
+1  36.99 
-2    37.94 

-2"25!3i 

-0      2.95 

0      0.00 

+0'  "g'.oi 


+0    15.25 


+0    23.66 
-0    35.76 


+0    53.91 
-0    14.46 


-0    28.05 


-0    14.29 
-0    21.80 


+0    10.48 
-1-0      2.64 


-4    32.01 
-0    51.22 


-0    26.21 


-0 

+0 


7.05 

5.17 


-1    56.49 
-1    51.43 


+0      1.56 
-0    33.84 


+0    26.21 
-0    10.72 


+1    11.76 
-0    51.43 


1.66 
2.59 


+oro3 

4-0.03 


+0.03 
+0.04 
-0.05 

-6.65 
0.00 
0.00 


+o.a2 


+0.01 
-0.01 


+0.01 
0.00 


-0.01 


+0.06 
-0.(J4 


+0.05 
-0.02 


-0.04 
0.00 


-0.02 
+0.01 


-0.05 
-0.05 


-0.04 
+0.02 


-0.02 
+0.03 


+0.01 
-0.02 


0.00 
0.00 


-0'  16  .'70 
+1     15.56 


+0  4.39 
+1  37.03 
-2    37.99 

-2"25!36 

-0      2.95 

0      0.00 


+0 

9.01 

+0 

15.27 

+0 
-0 

23.67 
35.77 

+0    53.92 
-0    14.46 


-0    28. 


-0    14.23 
-0    21.84 


+0    10.53 
+0      2.62 


-4    32.05 
-0    51.22 


-0    26.22 


7.07 
5.16 


-1    56.54 
-1    51.48 


+0      1.52 
-0    .a3.82 


+0    26.19 
-0    10.69 


+1     11.77 
-0    51.45 


-0 
+0 


1.66 
2.59 


-06«13 
-0.612 


-0.311 
+0.425 


-1-0.458 


-0.130 
-0.119 


-1-0    12.05 


+0    12.05 


-0.a39 
-0.638 


-0.&32 
-0.630 


-0.125 
-6.047 


+0.497 
+0.504 
+0.516 
+0.522 
+0.529 


+0.555 
+0.562 


-0.646 
-0.646 


-0.641 
-0.639 


-0.610 
-0.605 


+0.159 


+3:79 
+3.71 


+3.36 
-1-3.26 
+3.03 

+2.76 
+0.37 
+0..34 

+0^21 


+0.93 


-0.37 
-0.39 


-0.46 
-0.49 


+4.02 
+3.91 


+3.45 
+3.35 


+2.68 
-0.66 


+0.84 
-1-0.91 


+1.43 
+1.50 


+1.79 


+4.15 
+4.00 


+3.58 
+3.48 


+2.55 
-1-2.47 


-0.76 
-0.74 
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MICROMETRICAL  OBSERVATIONS  OF  EROS—Contitiued 


Oct.9    l-t*-  3->395 

16  19  44 

16  26  20 

16  32  0 

16  38  54 

16  54  25 

17  2  39 
17  13  56 
17  18  46 
17  23  49 
17  27  55 
17  32  15 
17  35  58 
17  41  0 

Oct.lO  12  49  59 

12  55  42 

13  2  29 


Oct.ll 


Oct.l4 


G  44  16 

6  49  24 

7  1  10 
7  5  44 
7  9  36 
7  25  48 
7  30  8 
7  34  56 
7  38  41 
7  50  11 

7  54  50 

8  0  57 
8  4  51 

13  47  57 

13  a3  3 

13  59  1 

14  7  18 
16  32  10 
16  35  31 
16  40  55 
16  46  5 

16  51  48 
IG  55  51 

17  4  45 
17  9  1 


17  17 
17  23 


Oct.l5 


13  53 
32 
2 


17  26  36 
17  31  37 


7  17  43 

7  21  40 

7  26  27 

7  29  27 

7  32  G 

7  34  51 

16  57  54 

17  3  12 
17  9  38 
17  14  .33 
17  23  27 
17  28  32 
17  34  47 
17  40  1 
17  45  44 

6  41  54 

6  45  35 

6  50  28 

6  55  46 

7  0  52 


1 
1 
1 
1 
2 
2 
1 
2 
2 
1 
2 
1 
2 

12.7 
12.7 
12.7 

1 
1 
2 
2 
2 
1 
2 
2 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 


-1'  23r04 
-6'  33!  90 


-0    36.61 
+0    25.45 


+0  19.39 

-0  46.82 

+0  17.37 

-0  48.49 


+2    19.73 


+2    45.61 
-1    58.67 


+2    37.75 
-2      4.92 


+2    32.43 
-2    10.56 


+0    46.69 
-1    30.76 


+0    28.89 
+0      0.66 


+0    22.72 
-0      5.48 


+0    17.97 
-0    10.03 


2.12 
12.86 
12.14 

4.82 


+0    14.67 
+1      4.24 


-0    49.54 
+0    55.53 


-0      7.39 
-1    11. .35 


-oro3 

-6.62 


-0.02 
-1-0.03 


-1-0.  a3 
-0.04 
-1-0.03 
-0.04 


-1-0.04 


-H)-17 
-0.11 


-1-0.13 
-0.10 


4-0.12 
-0.10 


4-0.01 
-0.03 


-1-0.03 
-0.02 


-1-0.03 
-0.a3 


-1-0. a3 

-0.04 


-0.05 
-0.02 
-0.02 
-0.04 


4-0.01 

-o'.oi 
4-0.01 


0.00 
-0.06 


-1'  23'07 
-6'  33^92 


-0    36.63 
4-0    25.48 


4-0  19.42 

-0  46.86 

4-0  17.40 

-0  48.53 


4-2    19.77 


4-2    45.78 
-1    58.78 


4-2    37.88 
-2      5.02 


4-2    .32.55 
-2    10.66 


4-0    46.70 
-1    .30.79 


4-0    28.92 
4-0      0.64 


4-0    22.75 
-0      5.51 


4-0    18.00 
-0    10.07 


-1  2.17 

4-0  12.84 

4-0  12.12 

-1  4.86 


4-1      4.25 


-0    49. .55 
4-0    55.54 


-0      7. .39 
-1    11.40 


4-0'  3ira3 

+6'  '4! '..58 


-1  44.16 
4-1  16.98 
-1    30.45 


-1    12.04 
4-0    45.58 

+6'  '56.01 

4-0      6.23 


-0    50.49 
-0    46.89 


-0    24.62 
4-0    54.55 


4-1  14.38 

4-0  2.46 

-0  25.31 

4-1  10.24 


-1    .55.. 56 
4-1    53.16 


-1    .39.65 
4-2      9.73 


-1    21.69 
4-2    21.  Zi 


-1      7.41 

4-0    27.61 
-2    53.. 37 


-1    .38.08 
4-1    22.26 


-1    18.50 
4-1    41.67 


4-1  .54.-35 

4-0  56. .30 

4-1  .31.. 33 

4-1  .T).23 


oroo 

'6.66 


-0.03 

4-0.01 

-0.02 


-0.02 
-hO.Ol 

+6'.6i 

-0.17 


4-0.08 
4-0.08 


4-0.08 
-0.08 


-0.06 

4-0.08 

0.00 

4-0.02 


-0.02 
4-0.03 


-0.02 
4-0.04 


-0.02 
4-0.04 


-0.03 

4-0.05 
-0.08 


-0.04 
4-0.05 


-0.04 
4-0.06 


4-0.06 

4-0.04 
4-0.11 
4-0.11 


4-0'  31  .'33 
+6"  41^58 


-1  44.19 
4-1  16.99 
-1    30.47 


-1  12.06 
4-0  45.59 
+6"  56^02 
4-0      6.06 


-0    50.41 
-0    46.81 


-0    24.54 
4-0    54.47 


4-1  14.32 
4-0      2.54 

-0  25. .31 

4-1  10.26 


-1    .55.58 
4-1    53.19 


-1    39.67 
4-2      9.77 


-1    21.71 
4-2    27.27 


4-0    27.66 
-2    53.45 


-1    .38.12 
4-1    22.31 


-1    18.54 
4-1    41.73 


4-1  54.41 

4-0  .56.-34 

4-1  31.44 

4-1  35.-34 


Parallax  Factors 


4-0;192 

+6.465 

+6'.  488 
4-0.516 


4-0.561 
4-0.567 
4-0.574 
4-0.578 


-0.649 
-0.652 


-0.653 
-0.652 


-0.646 
-0.645 


4-0.125 
4-0.150 


4-0.513 
4-0.522 


4-0.552 
4-0.558 


4-0.579 
4-0.584 


-0.665 
-0.664 
-0.663 
-0.662 


4-0.593 
4-0.599 


4-0.623 
4-0.629 


-0.672 
-0.672 


4-0  .'51 
+6'.  68 


4-1.20 
4-1.39 
4-1.48 


4-1.87 
-0.87 
-6.96 
4-4.58 


4-4.13 
4-4.05 


4-3.52 
-^3.44 


-^2.97 
4-2.89 
-0.90 
-0.88 


4-0.77 
4-0.82 


4-1.10 
4-1.16 


4-1.49 
4-1.56 


4-1.82 

4-3.49 
4-3.40 


-1.32 
-1.41 


-1.83 
-1.92 


4-2.26 

4-4.14 
4-4.05 
4-3.95 
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MICROMETRICAL  OBSERVATIONS  OF  EROS  — Continued 


Oct.l5  7''  8">  # 

7  12  30 

7  18  23 

7  22  15 

Oct.16  6  38  8 

G  42  42 

6  47  51 

6  51  58 

G  56  34 
7 
7 


0  34 

5  6 

7  10  45 

7  15  55 

7  20  25 

7  25  0 

7  29  37 

7  .3.3  45 

12  30  30 

12  .36  28 

12  50  24 

12  56  24 

16  40  15 

16  45  38 

16  50  4 

16  55  48 


Oct.17 


17  7  25 

17  13  4 

17  17  54 

17  23  28 

17  27  15 

17  ,35  54 

17  40  58 

17  50  27 

7  9  23 

7  11  3 

7  13  39 

7  18  6 

7  24  56 

7  30  36 

11  41  39 

11  49  11 

11  53  29 

11  57  26 

16  .56  .33 

17  2  46 
17  9  40 
17  17  44 
17  25  6 
17  .31  ,31 
17  36  .39 
17  41  .33 
17  46  22 


Oct.18  16  3  5 
16  10  29 
16  17  14 

Oct.25  6  18  50 
6  24  7 
6  29  17 
6  .34  4 
6  40  30 
6 
6 
6 
7 
7 


46  4 

52  28 

57  19 

45  53 

52  32 

11  31  51 

11  39  9 


Comp. 

No. 

Star 

Obs. 

1 

4 

2 

4 

2 

5 

1 

5 

1 

5 

2 

5 

1 

5 

2 

5 

2 

5 

1 

5 

3 

5 

3 

5 

1 

5 

2 

5 

2 

5 

3 

5 

1 

5 

7.5 

5 

7.5 

5 

7.5 

4 

7.5 

6 

1 

5 

1 

5 

2 

5 

2 

6 

1 

5 

1 

5 

2 

5 

2 

5 

1 

5 

2 

5 

1 

5 

1 

3 

10.5 

2 

10.5 

est. 

10.5 

3 

10.5 

5 

10.5 

4 

10.5 

5 

10 

4 

10 

4 

10 

3 

10 

3 

1 

6 

2 

6 

1 

5 

2 

•    6 

1 

8 

2 

5 

1 

6 

2 

3 

1 

5 

9.2 

5 

9.2 

5 

9.2 

5 

1 

4 

1 

4 

1 

4 

1 

4 

2 

5 

2 

5 

2 

4 

2 

4 

1 

5 

1 

5 

1 

5 

1 

4 

-1'  17:22 

-0    16.33 


+1 
-0 
-0 

+  1 
+1 


32.42 
54.12 

55.87 

28.14 

2.98 


-1  6.07 
+0  53.66 
+1    15.91 

+6"  27!  06 
+0    21.16 


-1    17. .52 
+0    33.21 


-1    28. .58 
+0    22.02 


+0  15.29 
-1  39. .37 
-1    42.96 


+3    11.53 

+3      8.. 58 


-0    .37.. 36 
-0     "9'i9 


+2  2.12 

-3  3.43 

+1  55.04 

-3  9.28 


+1    46.03 
+2'  '14 '..59 


+1    16.62 
+1    13.. 37 


-4      2.77 
-4      6.66 


+0    22.50 
+1'  'is '.12 


-oro4 

+0.01 


+0.09 
-0.06 
-0.06 

+0.08 
+0.05 


-0.06 
+0.04 
+0.07 

+6'.6i 
+0.01 


-0.06 
0.00 


-0.07 
-0.03 


-0.03 
-0.09 
-0.10 


+0.14 
+0.14 


+0.07 
-0.11 
+0.08 
-0.13 


+0.08 

+6'.oi 


+0.08 
+0.08 


-0.19 
-0.19 


+0.05 
+6' 02 


-1'  17f26 
-0    16.32 


+1 
-0 
-0 

+1 
+1 


+0 
+0 


32.51 
54.18 
55.93 
28.22 
3.03 


-1  6.13 
-0  53.70 
+1    15.98 


27.07 
21.17 


-1    17.58 
+0    .33.21 


-1    28.65 
+0    21.99 


+0  15.26 
-1  .39.46 
-1    43.06 


+3    11.67 
+3      8.72 


-0      9.20 


+2  2.19 

-3  3.54 

+1  55.12 

-3  9.41 


+1    46.11 
+2'  '14 '.60 


+1     16.70 
+1    13.45 


-4      2.96 
-4      6.85 


+0    22.55 
+l"i8.'l4 


+1'  18f02 
+1    54.35 


+0    .37.77 
-1    23.80 


-0  27.07 
+1  8.81 
-0    52.83 


-1    .31.52 

+1    15.. 54 


+2    12.48 
+1    .35., 32 


+2    .32.63 
+1    49.71 


-0    1.4s 
0     o.a) 

+0      2.25 


+0 
-3 

15.58 
13.29 

-3 

3.89 

-0 
+0 

58.76 
41.61 

-0 

+1 

.30.12 

8.. 52 

+3 

42.21 

+3 

+1 

51.53 
.31.. 31 

+1 
-1 

40.39 
34.50 

-1 

+2 

24.. 50 
23.89 

-2 

24.79 

+0'04 
+0.10 


+0.06 
0.00 


-0.06 
-0.03 
+0.02 


-0.03 


-0.03 
0.00 


-0.05 
0.CX3 


+0.06 
-0.01 


-0.14 
-0.14 
-0.13 


-0.10 
-0.06 


+0.03 
-0.06 


+0.05 
-0.08 


+0.10 

+6'.i6 

-0.02 


-0.01 
+0.07 


+0.07 
-1-0.04 


-0.04 


+1'   18r06 
+1    54.45 


+0    .37.83 
-1    23.80 


-0  27.13 
+1  8.78 
-0    52.81 


-1    .31.55 
+1     15.54 


+2    12.. 53 
+1    .35.. 32 


+2    .32.69 
+1    49.70 


-0  1.62 
-0  0.14 
+0      2.12 


+0 
-3 

15.48 
13.. 35 

-3 

3.94 

-0 

+0 

58.73 
41.55 

-0 

+1 

30.07 
8.44 

+3 

42.31 

+3 

+1 

51.63 
.31.29 

+1 
-1 

40.. 38 
34.49 

-1 

+2 

24.43 
23.93 

-2 

24.83 

Parallax  Factors 


-Of 669 
-0.668 


-0.675 
-0.675 
-0.675 
-0.675 
-0.675 


-0.669 
-0.667 
-0.664 

-6.644 
-0.006 


+0..578 
+0.584 


+0.615 
+0.620 


+0.6.39 
+0.642 
+0.6.51 


-0.675 
-0.671 


-0.107 
-6'.i45 


+0.622 
+0.6,33 
+0.639 
+0.645 


+0.658 
+6 '.544 


-0.710 
-0.709 


-0.701 
-0.699 


-0.6,37 
-o'.678 


+3 '58 
+3.47 


+4.12 
+4.01 


+3.40 
+3.. 30 
+3.21 


-1.19 
+1.10 


+1..39 
+1.61 


+1.92 
+2.01 


+3.28 
+3.24 

+3.18 


+2.80 
-1.05 

-i'.ii 

+i'.49 

+1.61 


+2  .30 
+2.41 


+0..56 
+0.80 
+3.30 


+2.94 
+2.80 


+2.43 
+1.41 


-1..52 
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MICROMETRICAL  OBSERVATIONS  OF  EROS- 

-Con  tin 

lied 

Dat<»— 1900 
90   Time 

Comp. 
Star 

No. 
Obs. 

Measured 

Bef. 

Corrected 

Measured 

Rof. 

Corrected 

Parallax  Factors 

Oct.25  11" 

45m 

31 

38 

46 

54 

10 

17 

24 

29 

38 

44 

51 

55 

1 

7 
14 
21 
27 
38 
44 
48 
53 

0 

3 
56 

1 

7 
11 
25 
30 
35 
41 
46 
50 

2 

7 
36 

7 
14 
25 
30 
34 
37 
43 
47 

52 
59 
12 

55 
58 

2 

6 
10 
13 
17 
21 
30 
36 
42 
51 
56 
10 
15 
20 
26 
31 
35 

21^ 
53 
51 

1 

6 
38 

5 
41 
55 
38 
43 

4 

45 
18 
47 
10 

8 

9 

2 
30 
40 
22 

2 
49 
26 
51 
32 
35 

7 
15 

3 
41 

3 
49 
35 
59 
14 

29 
13 
38 

0 
11 
57 

8 
29 

1 
18 
23 

12 
46 
21 
28 
14 
46 
37 
32 
37 
46 
40 
11 
34 
if) 
32 
22 

7 

8 
51 

1 
1 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 

1 
1 

1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
3 
1 
2 
3 
2 
1 

1 
1 

1 
1 
2 
2 
2 
2 

11 
11 
11 

1 
1 
2 
3 
3 
2 
2 
3 

3 
2 
1 
3 

2 

4 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 

5 
5 
4 
4 
4 
4 
4 
4 

5 
5 
4 

4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

+6ri6 

-0.08 

+o'.i6 
-0.11 

+6.69 

+6 '.03 

+6'.6i 

-0.17 

-o'.oi 

-0.01 

-o'.oi 
-o'.oi 

-0.04 

+6'.  62 
-om 

-0.07 
-6'.  03 

-6.6.3 

+0.03 

+6'.  62 
+o'.w 

-6'.  04 
+0.04 

+o.a3 
+0.03 

-H).04 

+6.67 

+0.06 

-6.05 

0.00 

-0.05 

-2'    17^52 
+0    11.91 
-0    49.04 

-0.'04 

0.00 

1  n  IV-, 

-2 

+0 
-0 

17  .'56 
11.91 
48.99 

+<Xi'74 

4-0.682 

+6'.  764 

-H).706 
+o'.7i2 

-o'.iio 
-o.nh 

-0.711 

-6.644 
-0.039 

-6.497 

+6'.666 

-f0.025 

+6'.  676 
+0.()81 
-1-0.685 



-6'45i 

-6.413 
-0.400 

-6!  379 

+6.667 

-6!  725 
-0.724 
-0.721 
-0.719 
-0.717 

-6!  692 
-0.683 

-6'.5i9 
-0.507 
—0  495 

1'55 

16 

+1.58 
+1.72 

16 

16 

+2'  34  .'81 
-2      6.34 

+2' 
-2 

34:91 
6.42 

16 

17 

+0    31.  a3 
-0    30.35 

-6  6s 

+0 
-0 

31.25 
30.28 

+2.45 
+2.56 

17 

4-0  07 

17 

+2    10.72 
-2    28.35 

+2 
-2 

10.82 
28.46 

17 

17 

+0    44.89 
-0    16.73 

-0  11 

-0 

44.78 
16.65 

+3.03 
+3.16 

17 

-1-0  Oft 

17 

+1    54.60 

+1 

54.69 

Oct^    5 

-2      0.37 

-0.12 

-2 

0.49 

+3.69 

6 

+1    28.04 

+1 

28.07 

6 

-1    53.41 
+0    30.35 

0  11 

-1 
+0 

53.52 
30.5;} 

+3.42 
+3.26 

6 

4-0  18 

6 

+1  is.a-j 

-4    12.30 

+1 
-4 

15.94 
12.47 

6 

7 

-1      1.24 

-0.U3 

-1 

1.27 

+1.43 

7 

+0    23.10 
+0    20.49 

+0 
+0 

23.09 
20.48 

7 

7 

-0    52.62 
-0    15.18 

0  09 

-0 
-0 

52.64 
15.18 

+1.13 
0  10 

9 

0  00 

9 

-0    28.81 

-0 

28.82 

11 

+1    20.30 

■1-0.02 

+1 

20.32 

1  59 

12 

-2    29.04 
-2    32.70 

-2 

-2 

29.08 
32.74 

12 

+i"28;33 
+0    27.61 
-0    31.67 
-1    43.14 

12 

4-0  m 

+1 
+0 
-0 
-1 

28.30 
27.61 
31.73 
43.17 

1  58 

16 

0.00 
-0.06 
-0.U3 

+1.54 
+1.64 
+1.75 

16 

16 

16 

-0      8.76 
-0    37.71 
-2    10.24 

-0 
-0 
-2 

8.74 
37.74 
10.31 

16 

16 

17 

-1    30.72 
-0    14.  GO 
+1      0.44 

-1    56.21 

0  m 

-1 
-0 

+1 

-1 

30.75 
14.73 
0.45 

50.24 

+2.33 
+2.44 
+3.08 

0  39 

17 

-0.07 
+0.01 

—0  m 

17 

Oct.27    9 

9 

-0    14.56 

-0 

14.59 

9 

-1    40.80 

-0.03 

-1 

46.83 

0  64 

9 

-0    25.16 
-H>    45.26 

-0 

+0 

25.19 
45.29 

9 

;::::::::: 

9 

+1      9.09 

j-0.01 

+1 

9.10 

0  79 

9 

+0    39.32 

+0 

39.34 

9 

+i   is. 58 

+1      6.02 

i-0  m 

+1 

+1 

13.60 
6.07 

0  91 

Oct^  15 

4-0  m 

+1.25 

15 

+1    10.47 

+1 

10.49 

16 

+1    13.39 
-0    25.82 

i-O  OFi 

+1 
-0 

13.44 
25,80 

+1.71 

+2.84 

Nov.l     5 

4-0  02 

5 

-0    42.59 
+0    26.48 
-fO    10.69 
-j-0      7.85 
-i-0    18.34 

-0 
+0 
+0 
+0 
+0 

42.63 
26.52 
10.72 
7.88 
18.38 

6 

6 

6 

6 

6 

+1    30.22 
-1    54.22 
-0    12.89 
+3    44.51 

1-0.02 

+1 

30.24 

+2.32 
+2.12 
4-2.03 
-f-1.90 

6 

6 

UO  09. 

-0 

+3 

12.87 
44.58 

6 

+6  07     1 

6 

-0      5.49 
-0    11.96 

-0 
-0 

5.42 
11.90 

6 

::::::::::  1 

6 

+3    51.84 
+0    23.45 
+2    13.17 
-1    10.91 

1-0.08 
-0.04 
-0.06 
hO  01 

+2 
+1 

51.92 
23.49 
13.2.3 
lO.W 

+1.47 
0  00 

8 

8 

0  05 

8 

0  10 

8 

-2    32.02 
-1    24.59 
-1    41.02 

-2 

-1 
-1 

32.07 
24.59 
41.07 

8 

8 

1 

1 

86 
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MICROMETRIC.Mi  OBSERVATIONS  OF  EROS— Continued 


Parallax  Factors 


gh  43m  44s 

8  47  49 

8  50  55 

8  54  29 

8  57  17 

9  0  21 
16  46  42 
16  51  45 

16  58  49 

17  5  10 
17  12  38 
17  17  48 
17  30  17 
17  35  34 
17  49  53 

17  56  9 

18  1  29 

5  42  43 

5  47  35 

5  51  a3 

5  55  10 


12  55 

16  12 
18  42 
27  19 
31  43 
35  52 
39  2 

9  22 

13  44 

18  42 

23  16 

27  50 
31  37 

41  3 
44  33 

17  3 

24  8 
31  15 
35  53 
39  46 
43  43 

55  0 
58  49 

56  7 
0  42 
4  41 

10  52 

15  23 

19  46 
23  54 

28  1 
31  31 
35  20 
38  38 

42  35 
47  23 
50  29 
55  18 

4  24 

8  0 


5  39  59 

5  44  31 

5  49  9 

5  52  5 

5  57  37 


-2'  45:47 
-1  37.28 
-1    52.15 


-2    50.09 
-1    42.32 


-3  12.61 
-2  8.14 
+1    45.06 

+i'  '36.93 


+0  43.86 
+0  40.94 
-0    39.14 


+0    28.03 
+0    25.12 


+0 

+0 


-1 
-0 

+0 
+0 

-1 
-1 


47.73 
45.29 


-1  10.39 

-0  34.95 

-0  38.45 

-1  19.95 

+1  "37.03 

+2  4.52 

+2  45.61 


+1    a5.18 
+2    17.96 


40.54 
57.98 
53.26 
50.22 
7.19 
56.05 


+0    59.77 


-0 
-0 


2.97 
6.17 


-0'05 

o.a) 

-0.05 


-0.10 
-0.12 


-0.14 
-0.15 
-fO.lO 

+6'.  09 


+o.a3 
-1-0.  a3 
-o.a3 


-1-0.02 
-1-0.02 


+0.07 
-1-0.07 


-0.02 
+0.04 
+0.04 
-0.02 

+6 '.06 
+0.05 
+0.05 


+0.04 
+0.05 


-0.07 
-0.05 
+0.06 
+0.06 
-0.06 
-0.09 


+0.06 


-0.10 


+0.01 
+0.01 


-2'  45^52 
-1  37.28 
-1    52.20 


-2    50.19 
-1    42.44 


-3  12.75 
-2  8.29 
+1    45.16 

+i'  '37.62 


+0  43.89 
+0  40.93 
-0    39.17 


+0    28.05 
+0    25.14 


+0    47.80 
+0    45.36 


10.41 
34.91 
38.41 
19.97 


+1  37.09 
+2  4.57 
+2    45.66 


+1    35.22 
+2    18.01 


-1 
-0 
+0 
+0 

-1 
-1 


40.61 
58.03 
53.32 
50.28 
7.25 
56.14 


-1-0    59.83 


2.96 
6.16 


+0'  38^53 

+2  28.09 

-0  57.25 

-1  25.00 

+2  39.92 


-1    18.52 
+2    46.34 


-0    18.12 
-0      1.56 


+0 
-0 


3.85 
0.77 


9.63 
10.49 
14.91 
16.39 


+0    46.68 
+2    49.20 


+1    51.21 


-1  36. .33 

-0  32.12 

-0  31.14 

-1  as.  23 


-0  37.88 
+0  26.55 
-1      8.23 


-0  29.88 
-H)  33.97 
-1      0.64 


+0  35.99 
-0  25.90 
+0    39.02 


+0  38.91 
+0  39.91 
-2      4.04 


+0'05 
+0.06 
0.00 
-0.13 
+0.01 


-(1.17 
-0.02 


+0.10 
-0.03 


-0.02 
+0.03 


-0.01 
-0.01 
+0.02 
+0.02 


-1-0.  as 

+0.07 


+0.02 


-0.02 

0.00 

+0.01 

-0.02 


-0.08 
-0.02 
+0.01 


-0.12 
-0.05 
+0.02 

-6. 06 
-0.14 
-0.07 


+0.02 
+0.02 
+0.07 


+0'  38f58 
+2  28.15 
-0  57.25 
-1  25.13 
+2    39.93 

-i'  'is'.eg 

+2    46.32 


-0      1.59 


+0 
-0 


+0 

+2 


3.83 

0.74 


9.62 
10.48 
14.93 
16.41 


46.71 
49.27 


+1    51.23 


-1  36.35 

-0  .32.12 

-0  31.13 

-1  33.25 


-0  37.96 
+0  26.53 
-1      8.22 


-0  30.00 
+0  33.92 
-1      0.62 


+0  35.93 
-0  26.04 
+0    38.95 


+0  38.93 
+0  39.93 
-2      3.97 


-0!476 
-0.466 
-0.453 


+0.728 
-K).730 


-1-0.7.33 
+0.7.32 
+0.728 


+0.723 


-0.7.31 
-0.729 
-0.727 


-0.720 
-0.717 


-0.696 
-0.693 


-0.523 
-0.514 
-0.502 
-0.492 

-6.466 

-1-0.187 
+0.006 


+0.299 
+0.311 


+0.7.36 
-K).'736 
+0.736 
+0.736 
+0.736 
+0.735 


+0.730 


+0.719 


-0.7.a3 
-0.7.31 


-0:65 
-0.69 
-0.73 
+2.65 
+2.76 


+3.24 
+3.. 36 


+4.22 
+2.95 


+2.59 
+2.54 


+2.21 
+2.14 
+1.97 
+1.86 


-0.05 
-0.13 


-0.54 


-1.51 
-1.47 
-1.44 
-1.41 


+2.98 
+3.09 
+3.17 


+3.87 
+3.96 
+4.05 

+4.24 

+4.. 32 

+4.47 


+2.68 
+2.61 
+2.46 
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MiCBOMETKICAL    ObSEKVATIOXS    OF    EroS 


MICROMETKICAL  OBSERVATIONS  OF  E ROS — Continued 


Parallax  Factors 


Nov.  3  6" 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 


Nov.  4 


2"  27* 

7  14 

11  37 

16  46 
20  24 
24  48 
28  7 

34  28 

38  10 
43  5 

46  56 
52  10 

55  57 
0  50 

4  41 

20  15 
23  56 

28  36 
32  35 
52  46 
59  17 

5  32 
10  56 
18  34 
31  43 
18  15 

23  14 

29  15 

35  22 
40  11 
45  45 

58  56 
3  0 

17  .34 

21  30 

24  57 

30  35 
35  9 

39  28 
45  13 

47  .37 
50  39 
54  1 

56  44 

59  49 
3  51 

6  36 


6   2  45 

6   6  40 

6  11  7 

6  14  55 

20  4 
23  22 
28  .34 
.32  6 

9  47 

14  53 

21  2 
25  .30 
35  .56 
41  0 
47  58 
51  40 
55  .30 
59  .55 

6  16 

8  10  .39 

8  16  26 

8  20  25 

8  24  47 


2 

2 

2 

1 

1 

1 

1 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 
10 
10 
10 
10 

9.5 

9.5 

1 

2 

1 

2 

1 

2 

1 

2 

3 

1 

2 

1 

3 

2 

2 

1 

3 

3 

1 


-0'  14  .'45 

-0  17.52 

-0  30. :« 

-0  32.77 


-1  43.67 
-1  37.35 


-1  44.35 


-2  12.32 
-2   6.30 


-1  12.89 
-1  17.72 
-4    18.67 


+0  2.a5 

+2  46.76 

-0  5.19 

+2  39.22 


1 

1 

.■1 
5 

2 

5 

1 

6 

2 

6 

1 

o 

2 

0 

■J 

5 

5 

-0 

42. ;« 

5 

+1 

5.09 

a 

+1 

59.70 

3 

+1 

55.16 

3 

-0 

.54.48 

4 

+0 

53.74 

3 

3 

4 

4 

+1 

41.71 

.■1 

-1 

8.31 

-2  9.21 

-2  31.02 

-2  16.  (J7 

-2  37.66 


+3  42.47 

+3  1.62 

-3  14.. 58 

-3  .37.95 


4-3  2.22 
-j-2  4.93 
-3    52. WJ 


-0.'08 

-0.08 

0.00 

-0.01 


-0.02 
-0.06 


-0.06 


-0.03 
-0.06 


-0.02 
-0.02 
-0.08 


-|-0.a3 
-1-0.13 
-f-0.02 
-1-0.13 


-0.02 
-1-0.04 
-i-0.12 
+0.11 
-0.04 
-f-0.a3 


-1-0.10 
-0.06 


-0.09 
-0.11 
-0.09 
-0.11 


-f0.13 
4-0.05 
-0.09 
-0.10 


-t-O.tfi 

-1-0- oa 

-0.09 


-0  14  .'53 

-0  17.60 

-0  30.38 

-0  32.78 


-1  43.69 
-1  37.41 


-1  44.41 


-2  12.. 35 
-2   6.36 


-1  12.91 
-1  17.74 
-4    18.75 


-1-0  2.88 

-1-2  46.89 

-0  5.17 

-1-2  39.35 


-0 
+1 
+1 
+1 
-0 
+0 


42.. 38 
5.13 
.59.82 
55.27 
54.52 
53.77 


-1-1    41.81 
-1      8. .37 


9. .30 
31 .  13 
16.16 
37.77 


-1-3  42.6fJ 

-1-3  1.67 

-3  14.67 

-3  .38.05 


-1-3  2.27 
4-2  4.95 
-3    52.95 


88 


+0 
+0 

+1 
-1 

+1 
-1 


+1 
-1 


49.40 
50.52 
9.55 
35.27 
11.85 
32.56 


+1    50.39 


22.09 
22.74 


-1    59.16 
-1    .57.64 


-j-0  .35., 38 
-1  34.16 
-1      8.82 


27.66 
2.24 
47.91 
2:  J.  89 
58.71 


-1-1  53  69 
-1  18.20 
-0    53.09 


-0    30.09 
-1      4.12 


-0 
-0 
+1 
-1 


23.83 
58.  a3 
24.18 
55.47 


-0 
-0 
-0 
-0 
-1 
-1 


3.91 
.38.09 
36.94 

1.25 
37.73 
42.47 


-1-0  r06 


-1-0.03 

-1-0. a3 

-1-0.04 
0.00 

-1-0.04 
0.00 


-1-0.04 


-(-0.05 
0.00 


-o,a3 
-o.a3 


4-0.01 
-0.02 
-1-0.08 


-0.05 
+0.09 
+0.12 
-0.07 
-1-0.09 


-1-0.12 
-0.12 
-1-0.08 


+0.06 
-1-0.06 


-1-0.06 
+0.06 
-0.05 
-0.09 


2^51 


+0 
+0 
+1 
-1 
+1 
-1 


-1 
-1 
+1 
-1 
-0 


49.43 
50.55 
9.59 
35.27 
11.89 
32.56 


+1    50.43 


+1    22.14 
-1    22.74 


-1    59.19 
-1    57.67 


-1-0  .35.. 39 
-1  34.18 
-1      8.74 


27.71 
2.15 
48.03 
•23.96 
58.62 


+1  .53.81 
-1  18., 32 
-0    53.01 


-0  :«.a3 

-1      4.06 


-0  23.77 

-0  57.97 

+1  24.13 

-1  55.56 


+0.03 

-0 

3.86 

--0.(J5 

-0 

.38.04 

--o.m 

-0 

.3(3,89 

--0.05 

-0 

1.20 

-0.06 

-1 

,37.79 

-0.06 

-1 

42.5:$ 

-0?717 
-0.714 
-0.709 
-0.706 


-0.564 
-0.561 


-0.542 


-0.486 
-0.476 


-0.022 
-0.006 
-H).019 


-1-0. 725 
-1-0.728 
-H).7.30 
4-0.733 


-1-0.7.35 
-1-0.7.34 
4-0.7.32 
+0.7.30 
+0.728 
4-0.727 


+0.718 
4-0,716 


-0.711 
-0.708 
-0.703 
-0.700 


-0.618 
-0.609 
-0..592 
-0.,580 


-()..5(M 
-0.494 
-0.482 
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MICROMETRICAL  OBSERVATIONS  OF  EROS— Continued 


Date-1900 
90-  Time 

Com  p. 
Star 

No. 
Obs. 

Measured 

Eef. 

Corrected 

Measured 
A6 

Eef. 

Corrected 

AS 

Parallax  Factors 

Ad                    AS 

Nov.i     8''  30"- 

16' 
35 
43 
44 
12 
47 
51 
39 
24 
21 
20 
14 
41 
46 
26 
5 
26 
34 
45 
21 
37 
23 
51 
32 

14 
22 
56 

6 
.34 
24 
38 
32 
11 
47 
55 

0 

7 
41 
57 
42 
47 
58 

4 
40 
36 
58 

8 
2 

1 
56 

3 
53 

47 
47 

2 
29 
39 
28 
39 
53 
43 
28 
45 
46 
24 

8 

2 
4 
3 

4 
3 
1 
2 
2 
1 
1 
2 
1 
2 
1 
2 
2 
1 
1 
2 
2 
2 
2 

1 
1 

1 
2 
1 
2 
3 
4 
4 
3 
5 
5 
3 
6 
3 
6 
7 
7 
7 
7 
6 
6 

I 

12 
12 

1 

2 
1 
2 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
3 
1 

5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
6 
5 
5 
5 
5 
6 
6 
5 
6 
5 
6 
5 
7 
2 

5 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
5 
5 
5 
5 

5 
5 

5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

-4' 

17r76 

-0.-06 

"6'.  66 

+0.02 

+6!  05 
+0.06 
+0.04 
+0.07 

-6'.6i 

+0.07 

+o'.66 

-0.05 
-0.06 

+0.09 
-I-O-IO 

+6.06 
+0.17 
+0.04 

+6'.ii 

+0.12 
+0.16 

+6'.i4 
+6'.62 

+0.02 


+6.62 
+o'.64 

+0.07 

+0.01 
-0.01 
+0.05 

"6.66 

-0.02 
+0.03 

-4'  17  .'82 

-"6''62 

+  0.04 

-'6!6.5 
+  0.12 
+  0.12 

-  0.06 

-'6'.  68 

+  0.12 
+  0.13 

-  0.11 

+'6;i4 

+  0.14 

+  '6'o7 
+  0.02 
+  0.06 

-  0.10 

-'6!67 
0.00 

-  0.04 

"'6!66 
0.00 

+'6!6.3 

+'6'63 
+  0.02 

+  0.01 

-  0.02 

-'6.62 

+  0.03 
0.00 

-'6^62 

+  0.03 

0.00 

+  0.01 

-  0.01 

-0>470 

-6'.i66 

-0.087 

+6 '.735 
+0.737 
+0.7.39 
+0.739 

+6.736 

+0.727 

+6'.7i7 
+0.713 
+0.709 

-0.7.32 
-0.7.30 

-6'.7i5 
-0.712 
-0.690 

-o.m 

-0.599 
-0.588 

-6^548 

-6'.667 
-0.051 

-6.687 

+6'.  442 
+0.449 

-0.712 
-0.709 
-0.705 

-6'.69i 
-0.686 
-0.683 

10    26 

-1 

+2 

12:73 

9.17 

-1'     12:75 

+2      9.21 

10    30 

1  73 

10    35 

+0 

+1 

19.74 
3.06 

+0    19.74 
+1      3.08 

10    iO 

16    21 

_2 

+1 
+1 
-2 

41.02 
12.88 
13.50 
38.99 

-2    41.07 
+1    13.00 
+1     13.62 
-2    .39.05 

+2.46 
+2.60 

+2.71 
+2.81 

16    27 

16    32 

16    37 

16    43 

+0 
-0 

+1 

1..32 

4.. 33 

7.94 

56.01 

+0      l.,37 
+2      4.39 
-0      7.90 
+1    56.08 

16    49 

15    55 

17      0 

17      8 

_2 

+1 
+1 
_2 

35.24 
18.84 
19.68 
32.93 

-2    .35.. 32 
+1    18.96 
+1    19.81 
-2    a3.04 

+3.56 
+3.68 
+3.84 
+3.95 

17    15 

17    22 

17    27 

17    42 

-0 

+1 

43.05 
21  60 

-0    43.06 
+1    21.67 

17    47 

17    53 

+1 
+1 

23.44 
39.. 33 

+1    23.58 
+1    39.47 

+4.49 
+4.65 

17    57 

18      2 

+1 
-1 
-1 

-0 

+0 

10.77 
1.15 
3.54 

29.98 
59.50 

+1     10.83 
-1      1.20 
-1      3.60 

-0    29.89 
+0    59.60 

18      G 

18    11 

Nov.  5     5    37 

5    41 

5    45 

+2 
+2 
+2 
+1 

23.48 
47.  &3 
26.24 
38.32 

+2    23.. 55 
+2    47.65 
+2    26.. 30 
+1    38.22 

+2.48 
+2.41 
+2.29 
+2.23 

5    49 

5    53 

5    57 

-4'"7;4.5 
+3    15.64 
+1    54.64 

6      2 

-4 

+3 
+1 

7.. 51 
15.47 
54.60 

6      6 

6    28 

6    32 

-1 

+2 
+1 

2.81 
42.68 
23.23 

-1      2.88 
+2    42.68 
+1    23.19 

+1.44 
+0.65 
+0.54 

7    11 

7    17 

7    22 

+2 
+3 
+3 

16. 34 

45.71 
45.96 

+2    i6.45 
+3    45.83 
+3    46.12 

7    26 

7    32 

7    38 

+3 
+3 

28.83 
30.33 

+3    28.8,3 
+3    30.. 33 

+0.14 
+0.02 

7    45 

7    51 

+3 

31.08 

+3    31.22 

10  aa 

+1 

.59.10 

+1    59.13 

1  77 

10    40 

+1 
+1 

8.. 58 
4.71 

+1      8.60 
+1      4.73 

10    45 

10    50 

+2 
+1 

1..56 
24.06 

+2      1.59 
+1    24.08 

1  81 

Nov.  6  10    23 

1  91 

10    28 

+1 

11.76 

+1    11.78 

Nov.  7   13      8 

-0 

_2 

15.62 
16.72 

-0    15.61 
-2    16.74 

0  87 

13    10 

:::::::::; 

0  83 

13    14 

+1 
+1 

+0 
-0 
+0 

48.09 
49.54 

46.69 
35.46 

48.14 

+1    48.13 
+1    49.61 

+0    46.70 
-0    35.47 

+0    48.19 

13    16 

Nov.  8     5    50 

5    53 

5    57 

6      0 

-0 
+0 
+0 

47.. 38 
28.75 
54.14 

-0    47.40 
+0    28.78 
+0    54.14 

+1.74 
+1.68 
+1.62 

6      3 

6      6 

6    10 

+0 
-0 
+0 

31.40 
51.15 
33.13 

+0    31.40 
-0    51.17 
+0    .33.16 

6    13 

6    16 

6    21 

-0 
+0 
+0 
+0 
-0 

45.62 
30.50 
55.80 
.58.74 
41.74 

-0    45.64 
+0    ,30.53 
+0    55.80 
+0    58.75 
-0    41.75 

+1.28 
-1.22 
—1.16 
—0.49 

--o.;;7 

6    24 

6    27 

7      1 

7      5 
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Parallax  Facto 


Nov.8     T- 


9™ 
13 
17 
21 
26 
30 
31 

a 

47 

7  52 

8  9 
8  12 
8    15 


11  12 

11  16 

11  21 

11  25 

11  33 

11  38 

16  16 

16  21 

16  26 

16  30 

16  35 

16  57 

17  2 
17  10 
17  30 
17  52 


Nov.lO 


5  U  11 

5  51  31 

5  56  36 

6  3  48 

7  16  28 
14  51  36 

14  56  13 

15  2  56 
15  15  50 

15  37  52 

16  41  45 
16  45  44 
16  49  30 
16  54  1 

16  57  57 

17  3  9 


Nov.ll  6  28  13 
6  .33  3 
6  37 
6  41 
6 
6 
7 
7 
7 
7 
7 
7 
7 


10 
.33 

45  .59 
49    17 

9  2 
14  5 
18  .59 
23    ."M 

46  23 
51  .57 
.59    .37 

5    13 


5  48  40 

5  53  26 

6  0  .33 
6  3  57 
6  10  11 
6  14  4 
6  19  3 
6  22  20 


9.6 
9.6 
9.6 
9.6 
9.6 


9.8 
9.8 


9.8 


-0'  18  .'45 
-H)  15.11 
-1    44.41 


42.57 

39.59 

9.05 

2.99 

58.82 


-3    41.. 32 
-3    37.99 


-0      3.15 

-6'   13.48 

+6'  '58.44 
-0  54.89 
-1    10.65 

-4    19.79 

-4  "29.26 


16.40 
27.. 38 
13.71 
1.83 
35.20 
40.76 


-1 

.37.64 

-1 
-1 

44.79 
47.96 

-2 
-2 

13.56 
17.26 

-2 
_2 

43.66 
49.50 

-2 
-3 

40.96 
15.45 

-.3 

57.69 
.30.83 

-0.'02 
+0.02 
-0.03 


-0.tt3 
0.00 
-0.04 
-0.03 
-0.01 


-0.06 
-0.07 


-0.02 


+0.07 
-0.06 
-0.08 

-0.15 

-6.  is 


0.00 
0.00 
0.00 
-0.04 
-0.07 
-0.05 


-0.04 


-0.04 
-0.04 


-0.05 
-0.05 


-0.05 
-0.05 


-0.11 
-0.07 


-0.11 
-0.07 


-0'  18.-47 
-1-0  15.13 
-1    44.44 


-0 
-0 


42.60 

.39.59 

9.09 

3.02 

58.  a3 


-3    41.. 38 
-3    ,38.06 


H-O  58.51 
-0  54.95 
-1    10.73 

-4    19.94 

-4'  '29'..35 


16.40 
27.38 
13.71 
1.87 
.35.27 
40.81 


-1 

.37.68 

-1 
-1 

44.  &3 
48.00 

-2 
-2 

13.61 
17.31 

-2 
-2 

43.71 
49.55 

-2 
-3 

41.07 
15.52 

-2 
-3 

57.80 
.30.90 

-l-O'  34r23 


-0  40.. 31 
+0  ;i3.80 
+1      1.13 


-0 

+1 

-0 

+1 


-0 
-0 
-0 
-0 


36.67 

4.18 

29.57 

11.55 


-0 

+1 
+1 

29.18 
11.99 
13.05 

+1 
+1 

12.48 
12.19 

-1 

+1 

23.66 
10.69 

-0 

O.W 

0.24 
0.26 
.32.77 
32.96 


-0  48.81 
-0  49.63 
+1      8.12 


-1-0    35.15 


-1-0  34.22 
+0  .34.19 
+0    a3..30 


-fO    .32.42 
-1-0    .31.94 


+0    .30.04 


-1    21.43 
+1    .39.71 


-1    23. .51 
+1    37.41 


-1-0  ro4 


0.00 

-1-0.04 
4-0.03 


0.00 
-1-0.03 
-0.02 
-fO.Ol 


-0.02 
+0.01 
+0.03 

+6 '.62 

+0.02 

+6'.6i 
-0.01 


-1-0.13 

+<)'.i2 

-K).08 
-0.01 
-0.01 


-0.08 

-0.11 

0.00 


-1-0.05 


+0.04 
-1-0.04 
-1-0.04 


-1-0.04 
-1-0.04 


+0.04 


-1-0.04 
-1-0.01 


+0.04 
+0.10 


+0'  34  .'27 


-0  40.. 31 
+0  35.84 
+1      1.16 


-0  36.67 

+1  4.21 

-0  29., 59 

+1  11.56 


-0  29.20 
+1  12.00 
4-1     13.08 


+1     12.50 
+1    12.21 


-1    23.05 
+1     10.68 


+0  0.07 

-6  '6;i2 

-0  0.18 

-0  .32.78 

-0  32.97 


-0  48.89 
-0  49.74 
+1      8.12 


-H)    ;i5.20 


-1-0  .34.26 
-t-O  .34.23 
-K)    .3:3.34 


-1-0    .32.46 
-H)    .31.98 


-H)    .30.1 


-2 
+1 


21.. 39 
.39.72 


-1    23.47 
+1    .37.51 


-0«591 
-0.583 
-0.575 


-0.525 
-0.,515 
-0..506 
-0.4G4 
-0.457 


-1-0.12.3 
+0.1.38 


+0.739 


-1-0.742 


-1-0.7.37 
-1-0.726 
-1-0.687 

-0.700 

-6.693 


-1-0.688 
-1-0.703 
-1-0.723 
+0.742 
4-0.740 
4-0.7.39 


-0.640 


-0.624 
-0.617 


-0.551 
-0.540 


-0.489 
-0.4C9 


-0.678 
-0.671 


-0.647 
-0.643 
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MICROMETRICAL  OBSERVATIONS  OP  EROS— Continued 


Date— 1900 
90°  Time 

Com  p. 

Star. 

No. 
Obs. 

Measured 

Aa 

Ref. 

Corrected 

Aa 

Measured 

AS 

Ref. 

Corrected 

A6 

Parallax  Factors 

Aa                      AS 

Nov.13   6" 

52'" 
56 

i 
50 
54 
59 

3 
49 
55 

1 

6 
12 
17 
23 
28 
24 
29 
35 
40 
45 
50 
55 
59 
56 

2 

8 
14 
20 
26 
32 

a5 

54 
58 

5 

9 
15 
20 
32 
36 
40 
46 
53 
58 

4 

8 
13 
16 

13 
17 
21 
25 
49 
53 
56 

0 

4 

8 
'40 
44 
48 
51 
55 

.33 
36 

40 
47 
51 
54 
0 

45'^ 
26 

5 
51 
45 
59 
21 
19 

8 
21 
12 
58 
50 
16 
39 
26 
51 
56 
25 
22 
13 
31 
27 
23 

4 
34 

9 
35 
36 

7 
50 
26 
50 
49 
57 
58 

1 

8 
36 
36 
16 

2 
15 
11 
12 

5 
36 

25 

6 
36 
19 
14 

1 
56 
18 
42 
16 
54 
27 
32 
53 
45 

26 
52 
34 

5 

5 
44 
16 

1 
2 
1 
1 
2 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
3 
2 
2 
3 
3 
2 
2 
3 
3 
2 
2 
3 
3 
2 
2 
3 
3 
2 
2 
3 
3 
2 
2 
3 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
2 
1 
2 

1 
2 
3 
1 
2 
3 
1 

5 
5 
3 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

4 
5 
5 
5 
5 
5 
5 

^o:ii 

-0.11 

-0.08 

+0'.62 
+0.10 

+6 '.02 
+0.07 
+0.01 
+0.05 

+o'.6i 

+0.04 

-6'.68 

+0.07 

-o.m 

+0.08 

-o'.i'i 

+0.05 

+6'.6i 

+0.01 

-6'.6.3 

-0.04 

-o'.oi 

0.00 
+0.06 

-6'.62 

+0.03 

+6'.6i 

-0.03 

+o!o2 
-0.05 
-0.02 

-1 

+1 

28r49 
.32.87 

+o:o3 

+0.09 

+0^02 

+0.07 

-0.06 

0.00 

-6.65 
-0.01 

+6'.oi 

0.00 

'  '(V.66 
0.00 

+0.03 
-0.02 

+6'.oi 

-0.04 

-6'.  62 

-0.08 

-6.0.5 
-0.13 
-0.14 

-o'.ii 

-0.18 

-6.22 
-0.23 

-6 '.6.3 

0.00 

-0.02 

0.(J0 

-6'.  62 

+0.01 
-0.02 
+0.01 

+6'.  61 

-0.02 
+0.03 
+0.04 

-6' 62 

-1 

+1 

28:46 
.32.96 

-6«549 
-0,4.34 

-0.424 

-0.2.31 
-0.216 

-6'.i66 
-0.144 
+0.225 
+0,241 

+0,296 
+0,.305 

+6',  746 

+0,740 

+6',  7.37 
+0,7.36 

+6',  726 

+0,717 

--6' 696 

—0,686 

+6 ',662 
+0.654 

+6,6.34 

+0.619 
-0.612 

-6.534 
-0,.525 

-6',4i2 
-0,.398 

-6,592 
-0,.585 
-0,578 

+0:12 
+0,05 

6 

7 

-3 
-4 
-4 

37  .'96 
13.66 

48.51 

-3 
-4 
-4 

.38^07 
13.77 
48.59 

7 

7 

7 

-1 
+1 

_2 

—  0 

37.93 
23.24 

.35.77 
9.75 

-1 
+1 

_2 
-0 

.37.91 

23.. 31 

.35.83 

9.75 

0  91 

8 

8 

8 

1  49 

9 

+2 
+4 

1.82 
10.53 

+2 
+4 

1.84 
10.63 

9 

9 

_2 
-0 

40.56 
13.71 

_2 
-0 

40.61 
13.72 

1  61 

9 

1  64 

9 

+1 
+3 

+0 

+2 

44.29 
52.80 
50.23 
16.80 

+1 
+3 
+0 

+2 

44.31 

52.87 
50.24 
16.85 

9 

11 

11 

11 

+0 
-0 

15.44 
41.. 53 

+0 
-0 

15.45 
41.. 53 

1  46 

11 

11 

+0 
+2 

33.44 
0.43 

+0 
+2 

.33.45 
0.47 

11 



11 

+0 
-0 

-1 

+1 

11.02 
45.92 
44.. 56 
16.87 

+0 
-0 

-1 

+1 

11.02 
45.92 
44.53 
16.85 

11 

1  '>5 

15 

+3,09 
+3,21 

16 

16 

-i 

+1 

14.12 
19.05 

-1 

+1 

14.20 
19.12 

16 

16 

-1 

+1 

51.04 
10.29 

-1 
+1 

.51.03 
10.25 

+3,65 
+3.78 

16 

16 

-1 

+1 

.30.65 
3.68 

-1 

+1 

.30.74 
3.76 

16 

.......... 

16 

-1 

+1 

.59.79 
1.70 

-1 

+1 

.59.81 
1.62 

+4,. 35 
+4.52 

16 

17 

-1 

.54.. 34 
39.74 

-1 
+0 

54.46 
.39.79 

17 



17 

_2 
+0 
+0 

5.67 
55.88 
.52.99 

+0 
+0 

5.72 

.55 .  75 
.52.85 

+4,90 
+4,98 
+5,27 

17 

17 

17 

+0 
+0 

21.. 59 

18.. 57 

+0 
+0 

21.60 
18.58 

17 

17 

+0 

+0 

49.20 
47.26 

+0  49.03 
+0  47.08 

+5,56 
+5,69 

17 

::::;:;::: 

.......... 

17 

+0 
+0 

6.58 
2.74 

+0 
+0 

6.55 
2.70 

18 

:::::::::: 

18 

+0 
+0 

43.36 
41.96 

+0 
+0 

43.14 
41.73 

+6,01 
+6,10 

18 

.......... 

18 

-0 
+0 

+1 

5.73 

.36.60 
19. 30 

-0 

+0 

+1 

5.80 

.36,60 
19.36 

Nov.15    6 

6 

6 

-1 

+1 
-1 
+1 

11.74 
6.97 

18.10 
0.95 

-1 

+1 
-1 

+1 

11.77 
6.97 

18.12 
0.95 

+0.49 

+0.41 

0  02 

6 

6 

6 

0.07 

6 

+0 
+0 

4.03 
47.27 

+0 
+0 

4.01 
47..3(J 

7 

;;;;::::::  1 

7 

-1 

+0 

-1 

+0 

21.56 
57.65 
29.86 
48.63 

-1 
+0 
-1 
+0 

21.58 
57.66 
29.88 
48,64 

0  26 

7 

0  ,33 

7 

0  7D 

7 

0  85 

7 

+0 
—  0 

11.10 
.36.87 

+<-> 

-0 

11.11 
.36.90 

7 

;;:;;::;.; 

1 

+0 

-0 

+0 
—0 

46.07 

10.62 

1.04 

56.71 

+0 

-0 

+0 
+0 

46.08 

10.64 

1.07 

56.75 

0  99 

Nov.21    5 

+0.89 
+0.82 
+0.74 

5 

5 

5 

+0 

-1 
-1 

57.24 
39.41 
25.62 

+0 

-1 
-1 

57.26 
39.46 
25.64 

5 

5 

6 

-0 

22.70 

-0 

22,72 

+0.39 
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Date- 
90"  Ti 

1900 
me 

Comp. 
Star 

No. 
Obs. 

Measured 

Ref. 

Corrected 

Measured 

Ref. 

Corrected 
AS 

Parallax  Factors 

Aa                A6 

.21    6" 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
16 
16 
17 
17 
17 
17 

.22    7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
15 
15 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 

.23    9 
9 
9 
10 

.25    6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
8 

4"" 

8 
12 
17 
24 
29 
11 
17 
21 
27 
31 
36 
42 
47 
52 
14 
20 
25 
46 
54 

6 
15 
26 

a3 

25 
30 
37 
42 
49 
55 
22 
27 
34 
38 
46 
51 
52 
54 

5 

9 
16 
23 
29 
32 
37 
44 
49 
59 

6 
14 
19 
26 

45 

52 

57 

2 

a3 

37 
42 
47 
53 
57 

1 

5 
45 
50 
56 

1 

25^ 

4 
56 
56 

0 
44 
56 

8 
30 

7 
54 
29 
50 
56 
25 
13 

8 
27 
13 
40 
45 
42 
21 
30 

16 
39 
13 
39 
39 
21 
39 
40 
11 
52 

5 
50 
45 
30 
12 
56 
58 
24 

9 
56 
55 
40 
19 

6 

1 
22 
.35 
17 

17 

12 

3 

34 

28 
24 
59 
10 
34 

1 
36 

9 
57 
15 
55 
21 

2 
3 

4 
4 
4 

4 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
1 
1 
1 
1 
1 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

I 

1 
2 
2 
1 
1 
1 
2 
1 
2 
1 
2 
1 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

6 
5 
5 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
7 
6 
5 
5 

6 
5 
5 

I 
5 
5 
5 
5 
5 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 

5 
5 
5 
5 

5 
5 
5 
5 
4 
4 
.5 
.5 
5 
5 
5 
5 

-6'i6 
-0.10 

-6'.6i 

-0.07 
-0.05 

+6'.i4 
+6'.i2 
+6".i6 

-6.04 
-0.03 

-6'.  04 
-0.03 

+6'.  67 

-0.05 

-6,64 

+0.10 
+0.11 

+6'.  14 
-0.02 

+6.  is 
+o'.6i 

fO.Ol 

-6'.i6 
+0.10 

-0.09 
+0.09 

-6.69 

+0.07 

-0'  11.-86 
+0    44.09 
+0    39.93 

+ora3 

+0.04 
+0.08 

+6'.  67 

-0.02 
+0.01 
+0.03 

-6'.  02 
0.00 
+0.02 
-0.01 
0.00 
+0.02 
+0.12 

+6'.69 
+6.67 

-0.01 
-0.04 

-6.62 
-0.04 
-0.03 
-0.05 

-6'.  6.3 

-o.a5 

+0.24 
+0.10 

+6.27 
+0.11 

+6 '..32 
+0.12 

+6.46 
+0.14 

-0.04 

-6.64 
+0.(H 

-o.a3 

+6'.d3 
-o.a3 

+0.01 
-0.02 

-0'  11.-83 
+0    44.13 
+0    40.01 

-6f5.32 
-0.519 

-6 '..36.5 

-o.:i.54 

-0..340 

+6'.  666 
+6.6.39 
+6!6iG 

-6.  .326 

-0..303 

-6'.i.52 
-0.140 

+6^764 
+0.701 

+6 '.687 
f 0.683 
+0.678 

+6!  654 
+0.646 

+6!6i8 

+6. 168 
+0.124 

-6'.  41.3 
-0.40;} 
-0..388 
-0.378 

-6'.2ll 
-0.199 

+or32 

+0.25 
+0.16 

-4'  30.-89 
-4    34.41 

-4'  .30.-99 
-4    .34.51 

+6    .32.25 
-0    56.04 
-0    45.73 

+0      9.88 

+0    32.32 
-0    56.06 
-0    45.72 
+0      9.91 

0  12 

0  72 

0  78 

0  83 

-0      3.97 
-2    40.92 
-2    27.47 

-0      3.98 
-2    40.99 
-2    27.-52 

-1     10.96 

-1     o.a5 

-0      5.22 
-1    26.16 
-1     15.90 
-0    21.13 
-1    21.79 

-1    10.98 
-1      O..3o 
-0      5.20 
-1    26.17 
-1    15.90 
-0    21.11 
-1    21.67 

1  07 

1  12 

1  16 

-l.:i4 
1  .39 

1  42 

+5.. 32 

+2      8.48 

+2      8.62 

-1    33.81 

-1    33.72 

+5.72 

+1    56.03 

+1    56.15 

-1    45.32 

-1    45.25 

+6.14 

+1    47.91 

+1     48.01 

\or 

-1    24.15 
-2    28.. 56 

-1    24.16 
-2    28.60 

—0  92 

—0  99 

-1    27.74 
-0    .30.39 

-1    27.78 
-0    .30.42 

-1    .36.88 
-2    41.21 
-1    54. :« 
-2    58. .30 

-1    .36.90 
-2    41.25 
-1    54.41 
-2    58. .35 

—  1  17 

—  1  22 

-1.41 

-1.44 

-2      1.77 
-1      3.61 

-2    i.si 

-1      3.64 

-2      6.98 
-3    11.29 
+4    22.. 36 
+3    .39.93 

-2      7.01 
-3    11. .34 
+4    22.60 
+3    40.03 

-1..52 

-1..55 

+4.25 
+4.27 

+1    27.16 
-0    .36.12 

+1    27.23 
-0    .36.17 

+4      7. .54 
+3    24.62 

+4      7.81 
+3    24.73 

+4.79 
+4.92 

-6    45.75 
+1    13.62 
+1    11.32 

-0    45.79 
+1    13.72 
+1    11.43 

+3    50.. 33 
+3      8.. 58 

+3    50.65 
+3      8.70 

+5.. 39 

+5.48 

+1      1.25 
-1      3.39 

+1      1..39 
-1      3.41 

+.3".3i;66 
+2    49.i)0 

+3    .32.06 
+2    50.04 

+5.99 

+6.11 

+0    47.97 

+0    48.15 

-2      6.86 

-2      6.90 

-1.51 

+0      9.29 
+<J      6.63 

+0      9..30 
+<J      6.64 

-2    17.25 

-0    18.04 
+0    49.62 

-2    17.29 

-0    18.00 
+0    49.59 

-1.46 

Vov 

-0.35 

-0.41 

-4    18.69 
+4    21.93 
-4    24.18 
+4    17.. 39 

-4    18.79 
+4    22.03 
-4    24.27 
+4    17.48 

-6  .35.64 

+0    .32.44 
-1      2.10 
+0      4.. 55 

-0    .35.01 
+0    .32.41 
-1      2.09 
+0      4.53 

-0.71 

-0.76 

-1.15 

-1.18 

-4    45.26 
+3    46.15 

-4    45. .35 
+3    46.22 
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MICROMETRICAIi  OBSERVATIONS  OF  EROS  — Continued 


Nov.25  Sh  7™ 

8  11 

8  42 

8  47 

8  54 

8  59 

9  6 
9  12 


Nov.26  5 


15  18 

15  25 

15  32 

15  39 


35  54 

42  22 

48  21 

52  28 

56  49 

2  52 

7  5 

11  9 

19  51 

24  30 

28  50 


15 

49 

15 

54 

16 

10 

16 

16 

16 

26 

16 

31 

16 

38 

16 

43 

16 

50 

16 

55 

17 

3 

17 

8 

17 

22 

17 

26 

17 

3:^ 

17 

39 

17 

51 

17 

58 

6 

6 

7  13  46 

7  19   3 

7 
7 
7 
7 


25  19 

30  16 
37  25 
42  47 

9  17 

15  45 

14  41 
22  16 

31  8 

37  20 
44  0 
51  57 
59  14 

15  2 
21  43 
27  23 
33  39 
39  29 
44  26 

0  38 

10  16 

15  26 

20  51 

29  49 

33  57 

38  10 
49  26 


-5'  22 .'89 

+3    18.80 


-0    21.58 
-i-2    19.25 


+1    34.02 


H-1    53.96 
+1    25.36 


+1    42.37 
+1    14.21 


+1    29. 


-2  58.77 
-2  34.21 
-2    27.31 


-2  46.02 
-3  14.37 
-2    40.60 


-3    41.38 
-3      7.49 


-3    27.90 
-2'  '59.29 


-4  5.72 
+4  36.42 
+0      1.09 


+3  39.90 
-0  15.  (.)6 
-4    28.56 


-0'I39 
+0.06 


-0.02 
+0.10 


+0.19 
+0.18 


+0.24 
+0.24 


+0.30 
+0.32 


+0.38 


-0.15 
-0.13 
+0.01 


-0.13 
-0.13 
0.00 


-0.11 
-0.03 


-0.05 
+6'.i2 

-6.  is 


-0.22 

+0.22 
+0.01 


+0.25 
+0.01 
-0.33 


-5'  22:'9 
+3    18.8 


-0    21.60 
+2    19.35 


+2      2.74 
+1    34.20 


+1    54.20 
+1    25.60 


+1    42.67 
+1    14.53 


+1    30.16 


-2  58.92 
-2  34.34 
-2    27.. '50 


-2  46.15 
-3  14.50 
-2  40.60 


-3    41.49 
-3      7.52 


-3    27.95 
-2  "59!41 


-5    25.89 


-4  5.94 
+4  36.64 
+0      1.10 


+3  40.15 
-0  15.05 
-4    28.89 


-1' 
-0 
-1 
-0 


leros 

9.07 
38.46 
31.72 


-1  53.95 

-0  48.34 

—5  4.57 

+4  25.55 


-5  26.68 

+4  4.20 

-5  42.33 

+3  47.94 


+3 

+i 

31.86 
24.34 

+3 
+i 

14.11 
6.21 

+2 
+3 
+2 

52.50 
43.99 
39.20 

-3 

+5 

58., 36 
3.05 

—  5 
-4 

+4 

11.28 
18.02 
44.70 

+4 
-4 

4.56 
35.76 

-4 
+3 
+3 

23.76 
45.67 
27.98 

+2 

48.59 

+2 
+0 

36.53 

18.54 

+0 
+2 

7.92 
15.39 

+0  19.. 35 

-0  56.36 
+1  4.03 
-0      1.24 


-1  34.85 
+0  25.91 
-0    29.88 


oroo 

-0.02 
-0.02 
-0.01 


-0.03 
-0.01 
-0.16 
+0.26 


-0.27 
+0..34 
-0.31 
+0.39 


+0.45 
+0.50 


+0.55 
+0.62 


-1-0.71 
+0.76 
+0.83 


-0.04 
+0.11 


-0.05 
-0.04 
+0.11 


+0.09 
-0.05 


-0.06 
+0.08 
+0.07 

"6.66 
"6.66 

-0.09 

-6.i6 

+0.02 


-0.26 
-1-0.21 
+0.04 
-0.29 


+0.25 

0.00 

-0.44 


-1'  16  .'08 
-0  9.09 
-1  38.48 
-0    31.73 


-1  53.98 

-0  48.. 35 

-5  4.73 

+4  25.81 


Parallax  Factors 


-0f040 
-0.022 


::;:"""  1 

—5 

+4 
—5 
+3 

26.95 

4.54 

42.64 

48.. 33 

1 

+3 
+4 

32. 31 
24.84 

::::: 1 

+3 

+4 

14.66 
6.83 

;;;;;:'""  1 

+2 
+3 
+2 

53.21 
44.75 
40.03 

-3 

+5 

58.40 
3,16 

-5 
-4 

+4 

11.  a3 
18.06 
44.81 

+4 
-4 

4.65 
35.81 

-4 

+3 

+3 

23.82 
45.75 
28.05 

+2 

48.59 

+2 
+0 

36.53 
18.45 

+0 
+2 

7.82 
15.41 

+0 
-0 

+1 

-0 

19.09 
56.15 

4.07 
1.53 

-1 

+0 
-0 

34.60 
25.91 
30.32 

+0.698 
+0.695 


+0.660 
-f-0.654 


-1-0.629 
-(-0.624 


-1-0.581 
+0.574 


-K).512 


-0.526 
-0.518 
-0.510 


-0.457 
-0.448 
-0.4,38 


-0.290 
-0.276 


-0.142 
+6 '.536 

+6 '.577 


-1-0.699 
-1-0.697 
-1-0.695 


-(-0.669 
-(-0.664 
-(-0.660 


-(-0.625 


-1'29 
-1.32 
-1.44 
-1.45 


-1.47 
-1.46 
+3.96 
+4.09 


-f-4.62 
+4.75 
+5.07 
+5.22 


+5.64 

+5.77 


+6.16 

+6.28 


+6.72 
+6.83 
+7.03 


-1-0.50 
-(-0.40 


+0.05 
-0.01 
-0.08 


-0.88 
-0.93 


-1.10 
-1.13 
-1.30 


+0.25 


-(-0.53 
-fO.64 


-(-0.92 
+1.05 


-(-4.36 
+4.50 
+4.61 
+4.96 


+5.57 
+5.67 
+5.76 
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MICROMKTKICAIi  OBSERVATIONS  OF  EROS 

—  Continued 

Date-lSOO 
90'  Time 

Comp. 
Star 

No. 
Obs. 

Measured 

Ref. 

Corrected 
Aa 

Measured 
Ai 

Ref. 

Corrected 
A5 

Parallax  Factors 

An                Ai 

\ov  26  IB*" 

58" 

21 

25 

30 

.34 

39 

43 

54 

59 

4 

8 

12 

40 

44 

48 

53 

57 

1 

6 

9 

14 

44 

49 

53 

59 

4 

7 

13 

31 
35 
38 
43 
48 
52 
57 

1 

5 
11 
15 
19 
23 
27 
30 
14 
20 
26 
32 
39 
45 
52 
58 

5 
23 
31 
42 
47 
55 

4 
14 
.30 
.38 
44 

30 
.35 

41 

48 

4 

19 

13- 

40 

4 
14 
31 
29 

9 
32 
15 
11 
22 
45 
28 
53 
46 
34 
42 
41 
12 
54 
23 
51 
56 
54 
45 
10 
48 
21 

41 

1 
29 
22 
23 

0 
15 
.31 
55 
31 
35 

0 
24 

7 
25 
11 
.59 
31 
49 
36 
20 
.34 
21 
16 
58 
16 
44 
49 
25 
.36 
.37 
23 

15 
58 

3 
5 
42 

:>; 
11 

2 

7.7 

1 

7.7 

1 

7.7 

1 

7.7 

1 

2 

2 

2 

7.7 

1 

2 

7.7 

1 

2 

7.7 

1 

2 

7.7 

1 

2 

7.7 

1 

2 

7.7 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

1 

11 
11 
11 
11 
11 
11 
11 
11 

1 
2 

1 

I 

5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
4 
4 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
2 
5 
5 
7 
8 
8 
7 
6 
5 

5 
5 
5 

0 
;t 

+0'65 
0.00 

+6 '.6.3 

-0.01 
-0.03 

-6'.  63 

+6'.  62 
-o.a2 

-0.04 

+6.63 
-0.02 

-0.05 

-6'.  64 

-0.04 
+0.05 

-6'.  64 

-0.04 
+0.03 

-6.66 

-0.05 
+0.02 

+6'.6i 
"o'.oo 

-6.04 

+6.66 

-0.14 

-0' 

_2 
-0 

44  .'30 

52.55 
18.12 

-0.'60 

-0.11 
-0.01 

-6'.ii 

-0.01 

+6!66 

-0.69 
-0.02 

+0.04 

-6'.69 

-0.02 
+0.03 
-0.09 

-o.a3 

+0.02 

-6.69 

+0.01 
+0.06 
-0.05 

"6.66 

+0.05 
-0.05 

-6.6i 

+0.04 
-0.05 
-0.02 
+0.01 
-0.05 

-6.64 

0.00 
-0.05 
-0.05 
-0.05 
-0.01 

-6.6.3 

-6.06 
-0.11 

-6'.  ii 

+0.01 
-0.11 

-6.21 
-0.12 

-0' 

_2 

-0 

44  .'90 

52.66 
18.13 

-6;  548 
-0.540 

-6.494 
-0.489 
-0.479 

-6'.46i 

-6'.36i 
-0..350 
-0.,340 

-6.177 
-0.162 
-0.153 

-6.496 
-0.486 
-0.478 

-6.435 
-0.426 
-0.416 

-6.224 
-0.199 
-0.182 

+6.66,3 
+6.656 

+6^667 

+6.649 
+0.644 

+6  .'20 

+0.72 

+0.65 

+3'  37  .'.30 
+0    20.79 

+3' 
+0 

37r.35 
20.79 

•;  1 

;::::::;:;  1 

5 

-3 
-0 

3.92 
.30.04 

-3 

-0 

4.03 
30.05 

+0.40 

5 

::::::;:::  1 

+0.34 

+3    28.04 
+0    11.06 
-2      8.&3 

+3 
+0 
-2 

28.07 

11.05 

8.86 

6 
g 

+1 

44.96 

+1 

45.02 

-0.06 

6 
6 

-2    12.08 

_2 

12.11 

-3 

-1 
+1 

44.71 
11.17 
17.75 

-3 
-1 

+1 

44.80 
11.19 
17.79 

-0.50 

6 

-0.55 

Q 

-0.60 

6 
6 
7 
7 

+3  .    3.92 
-0    12.00 
-2    31.58 

+3 
-0 
-2 

3.94 

12.02 
.31.62 

-4 
-1 

+1 
-4 
-1 
+0 

1.92 
28.19 

0.42 
28.52 
55.71 
33.29 

-4 
-1 
+1 
-4 
-1 
+0 

2.01 
28.21 

0.45 
28.61 
55.74 
33.31 

-0.80 

7 

-0.83 

7 

-0.88 

7 

-1.13 

7 

-1.17 

7 

-1.20 

+2    37.21 
-0    .39.21 
-2    85.59 

+2 
-0 
-2 

37.24 
.39.23 
58.64 

8 

g 

8 

-4 

-0 

+1 

-0 

48.. ■« 

,39.40 
21.53 
55.50 

-4 

-0 

+1 
-0 

48.42 

.39.. 39 
21.59 
55.55 

-1.29 

Nov  29   5 

+0.43 

5 

+0..37 

5 

+0.32 

-1    16.01 
-2    17.44 
+2    29.69 

-1 
-2 

+2 

16.05 
17.48 
29.74 

5 

5 

-0 

+1 

-1 

57.81 
2. 33 
15.. 33 

-0 

+1 
-1 

57.81 
2. ,38 
15.. 38 

+0.02 

6 

-0.04 

6 

-0.10 

g 

-1    25.18 
-2    26.43 
+2    21.49 

-1 
-2 

+2 

25.22 
26.47 
21.52 

g 

g 

6 

-1 

+0 

-1 
-1 

-0 
-2 

16.65 
43.80 
.33.14 
53.82 
4.17 
13.99 

-1 

+0 
-1 
-1 
-0 
-2 

16.66 
43.84 
33.19 
53.84 
4.16 
14.04 

-0..35 

6 

-0.40 

g 

-0.43 

7 

-0.90 

7 

-0.95 

7 

-0.99 

-1    50.91 
-2    53.15 
+1    53.29 

-1 
-2 

+1 

50.96 
53.20 
53.. 31 

7 

7 

7 

-2 
-0 
-2 
-2 
-2 
-0 

22.45 
23.47 
43.  (X) 
46.CJ9 
51.73 
37.96 

-2 

-0 
-2 
-2 

_2 
-0 

22.49 
2:147 
43.05 
46.14 
51.78 
.37.97 

-1.17 

7 

-1.20 

8 

-1.23 

8 

-1.29 

8 

-i.:^o 

15 

+4.95 

15 

+0    14.75 

+0 

14.76 

15 

-0 

48.51 

-0 

48.. 54 

+5.20 

16 

+0    11.70 

+0 

11.70 

16 

-1 
-1 

4. .50 
18.14 

-1 
-1 

4.56 
18.25 

+5.62 

16 

+5.94 

16 

+0      5.03 

+0 

4.99 

16 

-1 

-1 
+0 

29.69 

38.85 
17.10 

-1 

-1 

+0 

29.8:$ 

.38.84 
16.99 

+6.20 

Decl  15 

+4.91 

15 

+5.02 

15 

+0    56.85 
-1    43.81 

+0 

-1 

56.90 
43.95 

15 

16 

-0 
-2 

8.90 
22.77 

-0 
-2 

9.11 
22.89 

+5.64 

16 

+5.94 

94 
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MICROMETRICAL  OBSERVATIONS  OP  EROS— Continued 


Comp. 

No. 

Star 

Obs. 

2 

5 

1 

5 

2 

0 

3 

0 

2 

5 

3 

5 

2 

5 

3 

5 

1 

5 

2 

5 

1 

5 

2 

5 

1 

5 

2 

5 

1 

5 

3 

5 

2 

5 

1 

o 

3 

5 

2 

5 

1 

5 

3 

5 

2 

5 

1 

5 

3 

5 

1 

5 

3 

5 

1 

5 

3 

5 

1 

5 

3 

5 

1 

5 

3 

5 

1 

5 

1 

0 

1 

5 

1 

5 

1 

5 

1 

5 

1 

5 

1 

5 

1 

5 

11 

5 

1 

0 

11 

b 

1 

o 

1 

5 

9.8 

5 

9.8 

5 

9.8 

5 

9.8 

o 

9,8 

o 

9.8 

t> 

9.8 

5 

9.8 

b 

9.8 

b 

9.8 

5 

9.8 

5 

9.8 

o 

9.8 

b 

9.8 

5 

9.8 

5 

9.8 

5 

9.8 

b 

5 

5 

5 

5 

Parallax  Factors 


Dec.l    leh  26"  24= 


42  29 

•17  4 

51  21 

56  24 

2  27 

11  43 


6  49 
6  53 

6  57 

7  2 
7  6 
7 
7 
7 
7 
7 
7 
7 
7 
7 


55 
59 
8  3 
8  13 
8  18 
8  24 
8  29 
8  34 
8  38 


9  2 

9  7 

9  13 

9  17 

9  21 

9  25 

9  29 

13  53 

13  58 

14  3 
14  11 
14  18 
14  24 
14  32 
14  36 
14  41 

14  58 

15  7 


6  23  13 

6  27  32 

6  31  37 

6  52  16 

6  57  39 

7  2  28 
7  56 

12  15 

24  9 

28  59 

.33  29 

44  7 

7  48  54 

7  53  10 

8  13  42 
8  18  11 
8    22  12 

12    53  18 

12  58  5 

13  4  19 
13    11  4 


-1'  48r85 


+0    22.91 
-0    28.13 


+0    13.57 
-2    20.86 


+0  10.60 
+0  13.36 
-2    24.00 


+0      7.a3 
+0    10.47 


+0  4.70 
+0      7.55 

+0  '3.87 
-1  "  0.78 
-l'"6'.33 


+1    29.57 
-0    58.24 


+1      5.79 

+i"'8!l7 
+i'"8'.78 

+i  "io'.i5 
+i"ii'.84 
+1  "is'.gg 

-i  39.55 
-i'  37.81 


-0'19 


-l-o.a3 

-0.03 


+0.01 
-0.05 


+0.01 

0.00 

-0.04 


0.00 
0.00 


0.(X) 
+0.01 


0.00 

-o.oi 


-0.04 


+0.10 
-0.07 


+0.03 

+6 '.02 
+6'.  02 

+6 '.02 

+6 '.02 

+0.02 

-6. 06 

-oloe 


-1'  49  .'04 


+0    22.94 
-0    28.16 


+0    13.58 
-2    20.91 


+0  10.61 
+0  13.36 
-2    24.04 


+0      7.83 
+0    10.47 


+0  4.70 
+0      7.56 

+o'"3'.87 
-i'"6'.82 
-l'"6'.37 


+1    29.67 
-0    58.31 


+1      5.82 

+i    "8!i9 

+l"'8.'80 

+i"io!i7 

+1   'li'.86 

+1  'ii'.oi 

-i"39!61 
-i"37.87 


+0  13 '76 
+1  48.70 
-2      6.34 


+1 


+1 
-0 


28.80 
26.03 


44.58 
19.00 


+1 
-0 
+1 
-1 
-0 


29.81 
.33.86 
10.07 
14.21 
57.23 


+0    46.70 


1 
-1 

+0 
-1 


.37.81 
21.14 
29.95 
55.06 


+0  11.11 

-2  13.. 39 

-0  13.61 

-2  39,58 


-0    .38.70 
-1    10.37 


-1    19.81 
-1    28.03 


-1 

-0 

-1 

40,93 
15.52 
.52.73 

+1 

23.07 
10.17 

+1 

+0 

2.46 
43.25 

+0 

.34.02 

+0 

+0 

24.76 
13.71 

+0 
-0 

4.81 
5.11 

-0 
-0 

13.. 58 
.33,15 

-0 
-0 

41.24 
13.. 34 

-0 

24.94 

O'OO 
+0.03 
-0.04 


+0.02 
-0.03 


+0,03 
+0,01 


+0,02 
0.00 
+0.02 
-0.02 
-0.01 


+0.01 
-0,03 
-0,02 
+0,01 
-0,03 


0,00 
-0,04 

0,00 
-0,05 


-0.01 
-0.07 

-0.08 
-0.09 

-0.11 
+0.07 
-0.13 


-0.18 
+0.01 


+0.01 
+0,01 


0.(» 
0.00 


0.00 
0.00 


-0.01 
-0.01 


-0.01 
-0.05 


+0'  13 '76 
+1  48.73 
-2      6. .38 


+1 


28.82 
26.06 


+1    44.61 
-0    18.99 


+1  29.83 

-0  a3.86 

+1  10.09 

-1  14.23 

-0  57.24 


+0  46.71 

-1  .37.84 

-1  21.16 

+0  29.96 

-1  55.09 


-1-0  11.11 

-2  13.43 

-0  13.61 

-2  39.  &3 


-0 

.31.71 

-0 

-1 

.38,71 
10.44 

-1 

-1 

19.89 
28.12 

-1 

-0 

-1 

41.04 
15.45 
52.86 

-2 

+1 

23.25 

10,18 

+1 
+0 

2,47 
43.26 

+0 

34.02 

+0 

+0 

24.76 
13.71 

+0 
-0 

4.81 
5.11 

-0 
-0 

13. 59 
a3,16 

-0 
-0 

41,25 
13.. 39 

-0 

25.00 

+0f600 


-0.4.32 
-0.418 


-0.239 
-0.228 


-0.118 
-0.106 
-0.095 


+0.006 
-1-0.020 


+0.146 
+0.157 


-K).182 


-f0.&56 


+0.660 


-1-0.657 
-1-0.651 


-0.005 
-6'.i78 


-1-0.017 

+6'.6i4 
+0.625 


-1-0  :i7 
-1-0.12 
-1-0.05 


-0.23 
-0.29 


-0.60 
-0.65 


-0.75 
-0.78 
-0.88 
-0.90 
-0.92 


-0.97 
-0.98 
-0.99 
-1.01 
-1.01 


-1.01 
-1.00 
-0.94 
-0.92 


-0.85 

-6. 80 
+3.27 

+3.50 
-1-3.67 

+3 '95 
+4.10 
+4.20 


-1-4-89 

-o.a3 
-6. 41 

-0.57 

-0.64: 

-o^io 

-0.76 

-0^79 
-0.82 

-0^84 
-0.86 

-0^86 
+2.35 

+2'.57 
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Dec.  8  1.3"  17»  11> 

13  23  35 

13  29  55 

13  46  18 

13  50  32 

13  57  6 
14 
14 

14  12  52 
14  21  40 
14  28  4 
14  34 
14  47 
14 
14  58  33 


8  23 


36 
52  51 


Dec.  9 


5  19  26 

5  24  26 
28  35 
32  25 

36  5 
39  41 
45  2 
49  14 
53  27 

6  12  48 
6  17  20 
6  21  18 
6  26  26 
6  .30  4 
6  33  .37 
6  40  20 
6  44  .37 

6  49  13 

7  18  26 
23  18 
27  33 
.33  29 

37  35 
42  0 
48  4 
52  27 
56  50 
3  40 

8  0 

8  12  47 

14  58  .35 

15  3  27 
15  11  4 
15  26  .36 
15  31  .30 
15  .36  54 
15  46  1 
15    51  28 


Dec.lO 


21  .52 

25  48 

.30  18 

34  20 

.39  22 

43  44 

57  5 

1  23 

6  46 

6    11  1 

6    15  43 

6    19  6 

6    49  51 

6    .54  28 

6  58  52 

7  4  .35 


Com  p. 
Star 

So. 
Obs. 

5 

5 

5 
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o 
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5 
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5 
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5 

2 

5 

3 

5 

1 

5 
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5 

3 

5 

1 

5 

2 

5 

3 

5 

1 

5 

2 

5 

3 

5 

1 

5 

2 

o 

3 

5 

1 

5 

2 

5 

3 

0 

1 
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5 

3 

5 

2 

5 

1 

5 
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5 
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5 

2 

5 

2 

5 

11.5 

5 

11.5 

5 

11.5 

6 

11.5 

5 

11.5 

5 

11.5 

5 

11.5 

5 

11.5 

4 

1 

5 

2 

5 

1 

5 

2 

5 

1 

5 

2 

5 

1 

5 

2 

4 

1 

.•) 

2 

0 

1 

5 

2 

5 

1 

5 

1 

5 

1 

5 

1 

5 

-1    30.62 
+0    51.13 


-1    25.49 

-i'"2i;6i 


-H)  52.44 
+0  56. .30 
+2      2.24 


+0  59.26 
+1  2.77 
+1    58.96 


+1  7.18 
+1  10.95 
+2      7.24 


+1  14.. 52 
+i' "6'.2i 
+i"'7'.2i 

+i"i2;88 


-0    .32.92 
-0    .36.86 


-0    16.56 
-0    20.42 


-0.'06 


-0.07 
+0.03 


-0.08 

-o'.ii 


+0.01 

+o.a5 

-1-0.04 


0.00 
-M).03 
+0.03 


+0.01 
-1-0.02 
+0.03 


-1-0.02 


-H).12 


-(-0.19 


-(-0.26 


0.00 
-0.03 


0.00 
-0.03 


0.00 


-1'  36roo 


-1    30.69 
+0    51.16 


-1    25.57 

-i"2i;i2 


+0  52.45 
+0  56. .35 
+2      2.28 


-1-0  59.26 
+1  2.80 
+1    58.99 


+1  7.19 
+1  10.97 
+2      7.27 


+1     14.54 


+1      0..33 


+1      7.40 


+1    13.14 


-0    .32.92 
-0    .36.89 


-0    16. 56 
-0    20.45 


-0      8.92 


-0'  37r75 

-6"56".77 
-1  7.09 
+2    35.67 


-1  29.89 
+2  12.96 
-1    43. .36 

-i'  '56^61 
-2      8.72 

-2"26;72 

-1  8.97 
+2  49.00 
-0    43.08 


-1 
+2 
-1 
-1 

+2 
-1 


-3 


.33.12 
26.49 

6.. 37 
58.10 

0.90 
31.72 


24.00 
35.15 
57.93 
59.62 
58.50 
.33.88 


+0  34.87 
-3  31.89 
1.82 


+0 

20.26 

+0 
+3 

11.40 
0.64 

+2 
+2 

47.84 
.32.28 

tl 

20.97 
11.68 

±1 

26.. 51 
55.. 34 

+1 

-2 
+0 
-2 


10.. 30 
12.10 
.53.25 
28.23 


+0  .35.92 
-2  45.40 
-t-0      3.78 

-6  "5.06 
-0    10.. 57 


-oro7 
-6.67 

-0.09 
-1-0.10 


-0.12 
+0.11 
-0.14 

-o'.ie 

-0.18 


-0.03 
+0.04 
-0.03 


-0.03 
+0.03 
-0.04 
-0.04 
-1-0.03 
-0.04 


-0.05 
+0.02 
-0.04 
-0.05 
-fO.Ol 
-O.OS 


+0.01 
-0.06 
-0.05 
+0.01 

"6.66 

+0.24 


K: 


-1-0.. 37 
+0.41 


+0.03 
-0.03 


-1-0.02 
-0.03 
-1-0.02 
-0.04 


-1-0.01 

-0.04 

0.00 

'  6!66 

0.00 


-0  50.84 
-1  7.18 
+2    35.77 


-1  30.01 

+2  13.07 

-1  43.50 

-i  '56!i7 

-2  8.90 

-2  '26!93 


-1 

+2^ 
-0 


-1 
+2 
-1 
-1 

+2 
-1 


9.00 
49.64 
43.11 


33.15 
26.. 52 

6.41 
58.14 

0.93 
.31.76 


-2 

+1 
-1 
_2 

+0 
_2 


24.05 
35.17 
.57.97 
59.67 
58.51 
33.93 


+0  34.88 

-3  31.95 

-3  1.87 

4-0  20.27 


l§ 

11.40 
0.88 

tl 

48.12 
.32.61 

+2 
+2 

21.. 34 
12.09 

+1 
-1 

26.54 
55.37 

+1  10.. 32 

-2  12.13 

-1-0  .53.27 

-2  28.27 


+0 
-2 
+0 

.35.93 
45.44 
3.78 

5.06 
10.57 


Parallax  Factors 


+0?633 


-1-0.645 
-1-0.646 


+0.645 
+6.636 


-0.405 
-0..397 
-0.388 


-0.278 
-0.268 
-0.258 


-0.098 
-0.086 
-0.075 


-0.003 


+0.&34 


+0.599 


+0.578 


-0..398 
-0..389 


-0..316 
-0.;i04 


-0.195 


+2r84 

+3.16 
+3.43 
+3.54 


+3.90 
-1-4.00 
+4.19 

+4.44 

+4.74 

+4.97 

4-0.47 
4-0.40 
-1-0.. 3;^ 


-1-0.12 
-1-0.07 
-1-0.02 
-0.17 
-0.21 
-0.25 


-0.43 
-0.47 
-0.50 
-0.67 
-0.69 
-0.71 


-0.76 
-0.77 
-0.78 
-0.78 

-6.78 
+5.06 

+5'.;K) 
4-5.62 

+.5.  si 

4-5.99 


n 


-1-0.20 

4-0.14 

0.00 

-0.05 


-0.20 
-0.2.3 
-0.48 

-OJA 
-0.57 
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Dec.lO  T"^  8'"  11' 

7  12  19 

7  42  25 

7  47  57 

7  52  32 

Dec.ll  5  2  0 

5  6  14 

5  11  34 

5  15  49 

5  29  5 

5  .33  20 

5  36  34 

5  41  28 

6  0  35 
6  6  11 
6  10  10 
6  14  40 
6  38  54 
6  44  31 
6  48  23 

6  54  16 

7  15  8 
7  21  26 
7  26  58 

13  51  8 

13  55  54 

14  2  4 
14  6  42 
14  12  39 
14  16  51 
14  31  37 
14  a5  .33 
14  41  .31 
14  45  39 
14  51  .35 
14  55  53 


15  25 
15  .31 


15  37  48 


58  29 
3  44 
8  56 

13  23 

17  44 

22  45 

26  44 

■31  12 

.35  41 

.39  31 

42  51 

51  .32 

54  57 

59  56 
5  48 


6  13  16 

6  40  10 

6  44  55 

6  48  58 

6  53  55 

6  57  48 

7  1  36 
7  7  0 
7  10  .59 
7  14  48 
7  .30  18 
7  .34  57 
7  .39  16 
7  44  55 


1 
1 
1 
1 
1 

10.5 
10.5 
10.5 
10.5 
10,5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 


Measured 


-0'     6^46 

-6      0.82 


+0     13.45 
+0    14.70 


+0    19.68 
+0    20.43 


+0    26.73 
+0    27.73 


+0    ;i5.26 
+0    36.02 


+0    42.85 


-1    46.70 
-1    16.. 56 


-1    34.53 
-1      4.16 


-0    48.22 


-1    35.77 


-1  36.135 
-1  29.41 
-0      6.07 


-1  22.68 
-1  27.85 
+0      0.81 


-1  6.63 
-1  11.17 
+0    17.  &3 


+0    53.71 


O.TO 
O.W 


0.00 
0.00 


o.a) 

0.00 


0.00 
0.00 


+0.01 


-0.09 
-0.08 


-0.14 
-0.05 


+0.01 


-0.05 


-0.03 
-0.05 
0.00 


-0.04 
-0.03 
0.00 


-0.03 
-0.02 
0.00 


+0.01 


Corrected 


-0'     6^46 
-0  "6.82 


+0    13.45 
+0    14.70 


+0    19.68 
-1-0    20.43 


+0    26.73 
4-0    27.73 


+0    a5.26 
+0    36.02 


+0    42. 


-1    46.79 
-1    16.64 


-1    34.67 
-1      4.21 


-1  36.58 
-1  29.46 
-0      6.07 


-1  22.72 
-1  27.88 
+0      0.81 


-1    11.19 
+0    17.63 


+0    53.72 


Measured 
AS 

Ref. 

'  O'OO 
-0.01 

-0'02 

-0.01 

-0.01 
-0.01 

-6 '.02 
-0.02 

-0!()3 
-0.03 

-6!  04 
-0.04 

-0.'04 
-0.14 
+0.05 

-o!i9 

+0.06 
-0.24 
+0.07 

-6'.  28 
+0.08 
+0.11 

+0.12 

-0.01 

-6^01 

+0.04 
-0.01 

-0^03 

+0.03 

-K).oi 
-6!  6,3 

+0.02 
0.00 

-0.05 
0.00 

-0.01 

-6'66 

-0.01 
-0.02 
-0.06 
-0.02 
-0.03 

-0' 
-0 

18  roe 

47.34 

-0 
-0 

57.23 
11.07 

-0 
-0 

24.02 
36.78 

-0 

-1 

48.. 38 
6.60 

-1 

-1 

19.98 
43.11 

-1 

_2 

57.93 

18.22 

_2 

_2 

+3 

29.80 

2.61 

47.. 32 

+3 
_2 

+3 

25.15 
25.12 

45.18 
5.52 

-3 

+2 
+2 

6.21 
44.11 
13.. 57 

+2 
-1 

0.29 
21.50 

-1 

+1 
-1 

31.67 
14.68 
39.87 

-1 

+0 
+0 

56.99 
49.42 
24.98 

-2 
+0 
-0 
_2 
-0 
-0 

26.07 
20.17 
4.29 
,59.50 
13.66 
.38.77 

-3 

-0 

-1 
-3 
-1 
-1 

26.04 
.39.52 

4.50 
48.46 

3.31 
28.56 

-0' 
-0 

18:06 
47.. 35 

-0 
-0 

,57.25 
11.08 

-0 
-0 

24.03 
36.79 

-0 

-1 

48.40 
6.62 

-1 

-1 

20.01 
43.14 

-1 

_2 

57.97 
18.26 

_2 
_o 

+3 

29.84 

2.75 

47., 37 

-2  25, 34 

+3  25.18 

-2  45.42 

+3  5.59 


-3 

+2 
+2 

6.49 
44.79 

13.68 

+2 
-1 

0.41 
21., 51 

-1 

+1 
-1 

.31.68 
14.72 
39.88 

-1 

+0 
+0 

57.02 
49.45 
24.99 

-2 

+0 
-0 
_2 
-0 
-0 


-3 

-0 
-1 
-3 
-1 
-1 


26.10 
20.19 
4.29 
59.55 
13.66 
38.78 


26.10 
39.53 

4.52 
48.52 

3.. 33 
28.59 


Parallax  Factor; 


-0.047 


-0.441 
-0.4.31 


-0..384 
-0..377 


-0..308 
-0.298 


-0.213 
-0.203 


+0.6.32 
+0.&31 


+0.622 
+0.621 


+0.584 


-0..394 
-0.385 
-0.377 


-0..3.33 
-0.323 
-0.312 


-0.175 
-0.164 
-0.157 


-0.0.38 


-OfGl 
-0.71 


-0.72 
+0.T2 


+0.54 
-1-0.36 


+0.21 
-1-0.02 


-0.15 
-0.35 


-0.46 
-0.57 

-o'.ei 

+3.83 
+3.89 


+4.29 
+4.37 

+4.62 
+4.70 


+5.06 
+5.16 

-1-5.75 

+5!  98 

+0.78 

+o!&3 
+0.58 
+0.51 


+0.29 
+0.24 
+0.20 


-0.03 
-0.09 
-0.12 
-0..33 
-0..36 
-0.39 


-0.46 
-0..50 
-0.51 
-0.57 
-0.58 
-0.59 
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5 

2 

5 

1 

5 

2 

0 

2 

5 

1 

5 

1 

5 

2 

5 

9 

5 

9 

5 

9 

5 

9 

5 

9 
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5 

9 

5 

9 

5 

9 

6 

1 

5 

1 

3 

1 

0 

2 

5 

1 

6 

2 

5 

1 

5 

2 

5 

1 

5 

1 

5 

1 

5 

1 

5 

1 

5 

3 

5 

1 

5 

3 

5 

1 

5 

3 

5 

3 

5 

1 

5 

Parallax  Factors 


Dec.l2    7^  49"  33* 

7  53    26 

8  0  16 
8  5    26 

8  9    25 

Dec.17    8  57      8 

9  14 
9  7  3 
9  9    48 


Dec.18  4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


6  35 

6  41 

6  46 

6  52 

6  58 

7  3 


7  16 

7  21 

7  26 

7  31 

7  37 

7  41 

12  46 

12  51 

12  57 

13  59 

14  6 
14  12 
14  20 
14  27 
14  33 
14  45 

14  53 

15  2 


6  24 

11  0 

14  58 

21  0 

27  0 

32  26 

36  3 

40  14 

43  54 

0  0 


6  4  2 

6  7  58 

6  31  8 

6  36  6 

6  41  17 

6  45  14 

6  49  55 

6  53  56 

7  13  15 
7  18  12 


+0'  58 .'00 
-0    30.53 


+0      6.16 
-1    49.98 


-0    29.16 
+2    56.91 


-fO    23.41 
+3    13.67 


+0    27.57 
+3    55.09 


+4    13.11 
+0    51.95 


+3    23.48 


-H    11.85 


+4    42.91 


+0    16.18 


+2    42.30 
-H)    31.34 


+0    48.02 


e 


9.92 
'45.37 


+0:02 
-0.01 


-fO.Ol 
-0.02 


-0.01 

-fo.oe 


+0.01 

+0.06 


0.00 
-1-0.06 


-1-0.07 
-j-0.01 


-{-0.16 
+0.26 

-0.  is 

+0.32 

+6'.6i 


-1-0.05 
+0.01 


+0.01 


+0.02 
+0.02 


+0'  58  .'02 
-0    30.54 


-1-0      6.17 
-1    50.00 


-0    29.17 
+2    56.97 


-1-0    23.42 
-1-3    13.73 


-0 


-1-0    27.57 
+3    55. lo 


+4    13.18 
+0    51.96 


+3  23.64 
+4"i2'.ii 
-0  '57.41 
+4"4;V.23 

+6  "ie'.ig 


+2    42.35 
+0    31.35 


+0    48.03 


+1      9.94 
+0    45.39 


-4'  18  .'54 


-1    37.72 
-1    58.97 


-0    30.88 
-fO      8.28 


-0 
-0 
+0 
-1 
-0 


-1 


42.  &3 
0.G8 
21.69 


21.78 
20.83 

46^94 
13.36 
36.15 


-2  37.14 

-1  58.85 

-2  55.60 

-2  17.69 


-3 

-2 

-1 

17.21 
39.04 
32.15 

-1 
-2 

44.81 
53.55 

-3 
-1 

8.10 
54.84 

-2 
-3 

8.72 
44.32 

-4 

+0 

2.66 
18.45 

+0 
-0 
-0 

9.88 

26.91 

2.24 

-0 
-0 
-0 

46.47 
19.49 
36.05 

-0 

-1 

+2 

44.23 

8.20 

42.73 

-1  27.73 

+2  24.10 

+2  4.04 

-1  57.18 


-0.'08 

-o.as 

-0.03 

-0.03 
-0.04 


0.00 
-0.03 


-0.01 
-0.03 
+0.01 
-0.01 
-0.03 


0.00 
-0.02 

-6.63 
-0.04 
-0.04 


-0.05 
-0.04 
-0.05 
-0.04 


-0.06 
-0.05 
-1-0.07 

+6'.68 
-1-0.14 

+6.  is 

-0.20 

-6.23 
+0.18 

+(V.26 
0.00 
6.66 

-0.03 

0.00 


-0.03 

-0.01 
-0.01 

-6.62 
-0.02 

-1-0.04 


-0.03 
+0.04 
+0.03 
-0.04 


18  .'62 
33.33 
58.91 

37.75 
59.01 


-0    30.88 
+0      8.25 


-0  47.79 

-0  8.81 

+0  42.64 

-1  0.69 

-0  21.72 


+0  21.78 
-1    20.85 

-6"  '46.97 
-2  13.40 
-1    36.19 


-2  37.19 

-1  58.89 

-2  55.65 

-2  17.73 


-3 
-2 
-1 

17.27 
39.09 
32.08 

-1 
-2 

44.73 
53.41 

-3 

-1 

7.95 
55.04 

-2 
-3 

8.95 
44.14 

-4 

+0 

2.46 
18.45 

+0 
-0 
-0 

9.88 

26.94 

2.24 

-0 
-0 
-0 

46.50 
19.50 
36.06 

-0 

-1 

+2 

44.25 

8.22 

42.77 

-0?027 
-0.017 


+0.214 
+0.224 


-0.384 
-0.373 


-0.320 
-0.311 


-0.284 


-0.142 
-0.127 


-0.039 
-0.026 


-1-0.586 


-1-0.595 


-1-0.587 


+0.570 


-0.313 
-0.307 


-0.149 
-0.139 


-1  27.76 

+2  24.14 

+2  4.07 

-1  57.22 


-orei 

-0.60 
-0.60 

-0.07 
-0.05 


+0.91 

-1-0.87 


-1-0.70 
+0.66 
-1-0.60 
+0.56 
+0.51 


+0.39 
-1-0.35 

+0'.28 

-O.as 

-0.06 


-0.14 
-0.15 
-0.20 
-0.20 


-0.22 

-0.22 

+3 

22 

+3 

43 

+3 

47 

+3.72 

+3 

88 

+4 

13 

+4 

37 

+4 

68 

+0 

81 

+0 

70 

+0 

64 

+0 

57 

+6 

44 

+0 

41 

+0 

26 

+0 

18 

^ 

04 
02 

-0.05 
-0.07 
-0.28 
-0.29 
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.  MICROMETRICAL  OBSERVATIONS  OP  EROS— Continued 


Dec.l9  7"-  23" 

7  27 

7  ,33 

7  37 

12  il 

12  52 

12  57 

13  1 
13  7 
13  12 
13  16 
13  20 
13  26 
13  31 
13  36 
13  39 
13  48 
13  53 

13  57 

14  1 
14  8 
14  12 
14  17 
14  21 
14  25 
14  29 


Dec.28 


Dec.20  6  4  37 

7  35  52 

Dec.21  13  47  33 

13  53  53 

14  0  10 
14  4  53 
14  11  49 
14  16  40 

Dec.24  13  27  37 

13  31  46 

13  37  50 

13  42  41 

13  47  51 

13  52  16 

13  57  45 

14  5  31 

Dec.26  5  57  36 

6  3  24 

6  10  42 

6  31  .35 

6  39  29 

6  46  34 


20  32 

5  25  20 

5  32  46 

5  36  53 

5  43  18 

5  47  50 

6  18  12 
6  23  13 
6  29  31 
6  34  19 
6  41  17 

6  45  22 

7  2  19 
7  7  58 
7  12  56 

11  14  51 

11  21  7 

11  28  30 


+1' 
+1 


+2 
+1 


8. '15 
37.29 


+2 
+0 
-0 
-0 


0.54 
44.39 

7.68 
55.94 


+2  28.24 

+1  11.91 

+0  20.36 

-0  27.60 


+0    34.56 
-0    13.40 


+3      8.37 
+3    26.01 


34.48 
27.12 
+2    43.21 
+1    35.71 


-0    .37.46 
-0  "5!20 


-1      1.09 
+1    16.36 


-0      4.95 
+2    13.70 


+0    33.59 


+3    36.20 


+0r02 
+0.03 


+0.10 
+0.04 
-0.01 
-0.05 


+0.15 
+0.08 
+0.02 
-0.03 


+0.03 
-0.02 


+0.21 
+0.25 


+0.20 
+0.15 
+0.23 
+0.18 


-0.02 

-o'.oi 


0.00 
+0.02 


+0.01 
+0.04 


+0.01 

+6 .16 


+!• 

+1 


8ri7 

37.32 


+2  0.64 

+0  44.43 

-0  7.69 

-0  .55.99 


+2 
+1 
+0 
-0 


+0 
-0 


28.. 39 
11.99 
20.38 
27.  &3 


34.59 
13.42 


+3      8.58 
+3    26.26 


+2  34.68 

+1  27.27 

+2  43.44 

+1  35.89 


-0    37.48 
-6  "5'2i 


-1      1.09 
+1    16.38 


-0      4.94 
+2    13.74 


+0    33. 


-3    36.. 30 


+!■  42^73 

-2  17. .38 

+0  36.40 

+1  0.58 

+0  43.74 

+1  16.32 


-0 

+0 
+0 


7.61 

5.83 

11.77 

33.44 


-0    35.44 
-0      3,01 


-0    54.62 
-0    21.34 

+1    39.11 


-0    14.22 
+0    21.31 


-0    42.32 
-0      5.38 


+2    11.15 
+3    24.03 


-1    36.94 
+2    45.83 

-3    33.17 

-.3"  46 '84 
-4      9.51 


+4    40.66 
-0      4.13 


+4  17.02 

-0  27.78 

+3  40.23 

-1  5.14 


+3 
-1 
+2 

15.78 
28.55 
53.32 

+2 

+2 

41.61 
18.81 

3.59 


+0'03 
-0.04 
+0.07 
+0.04 
+0.01 
-0.01 


+0.11 
+0.01 
+0.06 
-0.02 


+0.01 
-0.03 


0.00 
-0.03 


0.00 


+0.16 
+0.21 


+0.20 
+0.30 

+0.22 
+0.21 


+0.,32 
+0..34 


-0.06 
-0.07 


+0.09 
-0.01 


+0.08 
-0,01 
+0.06 
-0.02 


+0.06 
-0,03 
+0,05 

+0,05 
+0.11 

+1'  42^76 


-2 

+0 
+1 
+0 

+1 


17.42 
36.47 
0.62 
43.75 
16.. 31 


-0 
+0 
+0 
+0 


7.50 

5.84 

11.83 

33.42 


-0    35.43 
-0      3.04 


-0    54.62 
-0    21.37 

+1    39,11 


-0    14,06 
+0    21.52 


-0    42.12 
-0      5,08 


+2    11.. 37 
+3    24,24 


+1    .37,26 
+2    46,17 


-3    33,23 


-3    46,90 
-4      9,58 


+4    40,75 
-0      4.14 


+4  17.10 

-0  27.79 

+3  40.29 

-1  5.16 


+3  15.84 
-1  28.58 
+2    53.37 


+2    41.66 
+2    18.92 


+0.12      +2      3.71 


Parallax  Factors 


-0,«042 
-0.031 


+0.590 
+0.592 
+0.593 
-1-0.593 


+0,595 
+0,594 
+0,593 
+0,593 


+0.587 
+0.585 


-f-0.583 
+0.582 


+0.573 

-1-0.572 
+0.571 
+0.570 


-0,197 

-o'iii 


-0,255 
-0,246 


-0,118 
-0,114 


-0,032 

+6'.487 


-0f31 
-0.31 
+3.. 31 
+3.41 
+3.53 
+3.59 


+4.07 
+4,17 
+4,25 
+4,32 


+4.88 
+4.97 


+5.21 
+5,29 

+0,26 


+4,64 
+4,75 


+5,09 
+5,19 


+4,47 
+4,55 


+5,03 
+5,17 


+0.59 


+0.51 
-HO. 40 


-K),35 


+1.00 
+0.94 


+0,81 
+0,78 
+0.60 
+0,57 


+0,.50 
+0,49 
4-0,45 

+6',  44 
+2,43 

+2,63 
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MiCROMETHICAL   OBSERVATIONS   OF    EbOS 


MICROMETRICAIi  OBSERVATIONS  OF  EROS  — Continued 


Comp. 

No. 

Star 

Obs. 

13 

5 

13 

o 

13 

5 

8 

5 

13 

5 

8 

5 

13 

5 

8 

5 

13 

5 

9.5 

5 

9.5 

5 

9.5 

5 

1 

5 

2 

5 

1 

5 

2 

6 

1 

5 

2 

5 

9.5 

5 

9.5 

5 

9.5 

5 

9.5 

5 

9.5 

5 

9.5 

5 

1 

5 

2 

5 

1 

5 

2 

5 

1 

5 

2 

5 

1 

3 

9.5 

5 

9.5 

5 

9.5 

5 

9.5 

5 

9.5 

5 

9.5 

o 

9.5 

o 

9.5 

5 

9.5 

3 

9.5 

5 

9.5 

5 

9.5 

o 

9.5 

5 

9.5 

0 

9.5 

fi 

9.5 

5 

9.5 

5 

9.5 

5 

12.5 

5 

12.5 

5 

12.5 

o 

1 

5 

1 

o 

1 

o 

2 

5 

2 

5 

2 

o 

1 

5 

1 

5 

1 

5 

1 

5 

2 

5 

1 

5 

2 

5 

1 

5 

2 

5 

Parallax  Factors 


Dec.28  ll"-  45™  17' 

11  50  52 

11  55  11 

12  7  43 
12  12  3 
12  18  2 
12  23  17 
12  28  42 
12  33  9 


26  24 

31  51 

38  40 

56  40 

1  11 


5 

5 

5 

5 

6 

6  6  26 

6  11  1 

6  17  11 

6  21  6 

6  39  51 

6  46  23 

6  53  28 

7  6  44 
7  12  43 
7  19  11 


Dec.30  5 


29  15 

34  24 

5  39  43 

5  44  1 

5  50  20 

5  54  25 

6  43  8 

Dec.31  5  45  18 

5  53  21 

6  0  9 
6  38  29 
6  45  1 

6  51  25 

7  2  59 
7 
7 


lOfJl 
Jan.  1 


6 


8  57 

15  4 

8  57  31 

9  3  43 
9  10  22 
9  30  7 
9  38  19 
9  45  0 

10  36  14 

10  43  9 

10  49  30 

12  43  59 

12  51  4 

12  57  10 


42  41 

48  8 

54  11 

59  53 

5  30 

6  11  50 

6  55  15 

7  0  44 
7   7  20 

10  58  49 

11  3  40 
11  11  29 
11  15  37 
11  21  38 
11  24  55 


-o:  10  .'09 


-H    35.78 
+0    24.30 


+2    32.12 


-fO      6.46 
-1    25.81 


+3    48.94 
+4  "i6'28 


+0    44.26 
+4      4.26 


-0  52.13 
+6  "6..34 
+6'  34.43 

+2  "ii'.se 

+3'  '26.53 
+4  "35!33 

+b"i2.(n 

-2'  '39.81 
+i'"5'.96 
-i   '15.56 


n 


14.07 
2    33.31 


-O.'Ol 


+0.19 
+0.02 


+0.06 


0.00 
-0.02 


+0.07 
+0.67 


0.00 
+0.07 


O.UO 

+6.61 
+6.61 
+6.65 
+6.67 
+6'.  I3 

+6.03 
-0.(X) 

-o.m 
-oia 

+6!  1.3 
+0.10 


-0'  10  .'10 


+4  35.97 

+0    24.32 


+2    32.18 


+0      6.46 
-1    25. &3 


+3    49.01 

+4  "le.'ss 


+0    44.26 
+4      4.33 


-0    52.13 

44)  '  '6;a5 
+6  ".ii!!! 
+2  "liiei 
+3  '26  .'66 

+4  "35!46 

+o"i2!16 

-2  39.86 
+r    "5.'82 

-1  "Is.'ss 


+4    14.20 
+2    33.41 


im 


-0 

+1 

-0 

17.16 
18.71 
35.95 

+0 

-1 

+4 

55.78 
0.64 

37.13 

+4 
+1 
-0 

24.19 
26.60 
22.88 

+1 
-0 
+3 

4.82 
44.09 
19.55 

ti 

4.75 
50.31 

+2 

-3 

-0 

37.11 

10.94 
54.51 

-3  33.28 
-1  15.83 
-4    29.76 


+4 

21.94 

+4 
+3 

6.15 
25.44 

tl 

11.80 
59.40 

+2 
+0 

46.47 
54.96 

+0 

+0 

40.82 
19.10 

+0 
-0 

2.54 
54.61 

-1 

+2 

9.67 
59.74 

+2 
-1 

45.05 
38.51 

-1 

-4 

50.&3 
22.32 

-4 
-2 

34.99 
55.91 

-3 

+0 
+0 

8.27 
55.77 
58.46 

+0    30.22 
+0    34.38 


-O.'Ol 

-6.61 
+0.16 
-0.01 


+0.18 
-0.01 

+0.07 

+6.67 

+0.03 

0.00 


+0.01 
-0.01 
+0.05 

+6;  65 

+0.05 

+6^64 

-0.06 
-0.04 


-0.07 
-0.04 
-0.08 

+0.08 

+6!67 

+0.06 

+6!  65 

+0.05 

+6.65 

+0.03 

+6.63 
+0.03 

+6m 

+0.04 

+6!65 
+0.10 

+6!  12 

-0.02 

-6.62 

-0.08 

-6!68 

-0.05 

-b'.ixi 

+0.09 
+0.06 


+0.10 
+0.07 


-0'   5:99 

-6  "  17^17 
+1  18.87 
-0    35.96 


+0  55.96 
-1      0.65 

+4    37.20 

+4'  '24."26 
+1  26.  &3 
-0    22.88 


+1  4.83 
-0  44.10 
+3    19.60 

+3"4.'86 
+2    50.36 

+2  "si.'ls 

-3  11.00 
—0    55.55 


-3 

-1 
-4 


33.35 

15.87 
29.84 


+4 

22.02 

B 

6.22 
25.50 

tl 

11.85 
59.45 

+2 
+0 

46.52 
54.99 

+0 
+0 

40.85 
19.13 

+0 
-0 

2.57 
54.57 

-1 

+2 

9.62 
59.84 

+2 

-1 

45.17 
38.53 

-1 
-4 

50.65 
22.40 

-4 
-2 

35.07 
55.96 

-3 
--0 

8.32 
55.86 
58.52 

+0^509 


+0.541 
+0.544 


-0.174 
-0.162 


-0.080 
-6'6l4 


-0.229 
-0.218 


-0.196 
-6^674 
-6!6i7 
+6^248 
+6 '..322 
+6!4.i5 
+6!  549 

-6.26I 
-6!l63 


-0.034 


K 


.30.. 32 
0    34.45 


K: 


+2r9l 

+3.07 
+3.29 
+3.36 


+3.66 
+3.73 

+1.01 

+6196 
+0.77 
-1-0.75 


+0.67 
-1-0.65 
+0.58 

+6;54 
+0.52 

+6.52 

+1.05 
+1.00 


-1-0.88 
+0.86 
+0.63 

-K).94 

+0.'84 
-H).68 

+6"6.5 
+0.12 

+6!l2 
+1.01 

+1.11 
+1.30 


1.45 
2.06 


ti 


+2.25 
-f-4.10 

+4  .'.33 

+1.01 

+6.9,3 
4-0.91 


is 


0.85 
71 


I 


0.70 
2.46 
2.54 


+2.81 
+2.87 
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MICROMETRICAL  OBSERVATIONS  OF  EROS— Continued 


Jan.  1  121'  43"'  46^ 

12  49  46 

12  56  11 

13  4  55 
13  10  8 
13  15  51 
13  24  53 
13  30  19 
13  35  11 
13  45  12 
13  50  36 
13  57  19 

Jan.  2  5  17  14 

5  23  23 

5  27  16 

5  32  52 

6  0  .39 
6  6  38 
6  10  15 

6  15  46 

7  5  31 
7  14  24 
7  21  1 

12  42  24 

12  48  32 

12  53  15 

12  57  39 

13  10  8 
13  17  12 
13  22  55 
13  28  58 
13  35  4 
13  40  38 
13  45  28 

Jan.  3  5  29  14 

5  .33  46 

5  .39  37 

5  43  33 

5  48  12 

5  51  57 

6  21  25 
6  23  5 


43  54 
.36  0 
40  19 

44  14 
48  2 
55  44 

0  31 

4  44 

9  6 

15  51 

19  .36 

23  42 

27  .30 
38  .38 
42  .59 
47  36 
52  13 
59  39 
59  55 

6  0 

9  41 

13  52 

19  52 

24  0 

28  28 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10.5 

10.5 

10.5 

10.5 

10,5 

10.5 

10.5 

10.5 

10.5 

10.5 

10.5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1 
2 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
3 
1 
2 
3 
4 
1 


Measured 


-0'  39  .'48 
-6'ii    94 


+0    12.95 
+0  "34.1.5 


-0    13.97 
-0      9.25 


+0    37.98 
+0    42.51 


+1    58.81 


-0    58.91 
-0    52.05 


-0    20.92 
-0    14. 33 


+0      7.96 


+0    25.08 
+0    17.43 


+1    .38. 


-2      7.51 

-0  .39. 33 

-1  11.28 

-1  57. .59 


0  0.00 

-0  44. 37 

+0  44.85 

+0  12.86 

-0  33.31 


-0:oi 
+0.01 
+0.05 
+0.09 


-0.02 
-0.02 


0.00 
0.00 


+0.03 


-0.05 
-0.05 


-0.02 
-0.02 


0.00 


0.01 
0.00 


-(-0.03 


-0.06 
-0.02 
-0.04 
-0.07 


0.00 
-0.03 
+0.03 
-1-0.01 
-0.03 


Corrected 


-0'  39:49 

-0  11.93 

+0  13.00 

+0'  34.24 


-0    13.99 
-0      9.27 


+0    37.98 
+0    42.. 51 


+1    58.84 


-0    58.96 
-0    52.10 


-0    20.94 
-0    14.35 


+0      7.96 


25.09 
17.43 


+1    38.91 


-2  7.. 57 

-0  39.35 

-1  11.32 

-1  57.66 


0 
-0 

+0 
+0 
-0 


0.00 
44.40 
44.88 
12.87 
33. .34 


+1' 

56 :59 

+1 

+1 

42.16 
32.68 

+1 
+1 

19.56 
9.96 

+0 
— 0 

57.98 
47.25 

+0 
-3 

33.39 
13.20 

-3 
-3 

29. 53 

58.81 

-4 
—5 

15.01 
8.07 

—.5 

+0 

24.68 
44.55 

+0 
+0 

27.20 
13.12 

-0 
-0 

8.28 
14.99 

-0    26.36 


+0    .57.55 
-2    .52.00 


-0 
-0 
+0 
+1 
+1 


37.. 31 

11.65 

2.43 

0.(X) 

1.06 


21.65 
a3.68 
6.37 
22.16 
30.. 54 


-1  18.25 
-0  37.52 
+0  .37.69 
"  45.70 
43.96 
3.77 
10.62 
18.00 


+0 
-1 
-1 
+0 
+0 


-2  30.25 
-1  50.. 36 
-0    34.75 


+0'05 

-(-0.05 

+0'66 
+0.07 

+6.09 
+0.10 

+0^2 

-0.05 


-0.06 
-0.09 


-0.09 
-0.09 


-0.09 
-0.03 


-0.02 
-0.02 


-0.02 
-0.01 


-fO.Ol 
-0.05 


-(-0.01 

-0.06 

0.00 

0.00 

0.00 

-0.01 
-0.05 
-0.02 
+0.01 
-0.01 


-0.06 
-0.02 
-0.04 
-0.02 
-0.07 
-0.02 
0.00 
-0.02 


-0.08 
-0.01 
+0.01 


+1    56r64 


+1    42.21 
+1    32.73 


+1 
+1 

19.62 
10.03 

4^ 

+0 

58.07 
47.35 

+0 
-3 

33.51 
13.25 

-3 
-3 

29.59 
58.90 

-4 
—5 

15.10 
8.16 

—5 

+0 

24.77 
44.52 

+0 
+0 

27.18 
13.10 

-0 
-0 

8. .30 
15.00 

-0    26.37 


+0    .57.. 56 
-2    52.05 


37.. 32 

11.71 

2.43 

0.00 

1.06 


-0 
-0 

+0 
+1 
+1 


-1 

-0 
+0 
+0 

-1 
-1 

+0 
+0 


21.66 
.33.73 
6.. 35 
22.17 
30.53 


18.. 31 
37.54 
37.65 
45.68 
44.03 
3.79 
10.62 
17.98 


-2  30.33 
-1  50. 37 
-0    34.74 


Parallax  Factors 


+0»545 


+0.548 


+0.457 
+0^54i 


-0.251 
-0.242 


-0.1.57 
-0.148 


+0.002 


+0.541 
+0.542 


-(-0.544 
+0.544 


-(-0.540 


-0.211 
-0.203 


-(-0.450 
-(-0.457 
-K).462 
+0.468 


+0.516 
-1-0.516 
+0.521 
+0.522 
+0..525 


-H'16 

+4^.37 
-1-4.54 

+4;72 
+4.89 

+5.67 
+5.23 

+5^44 

+1.27 


+1.15 
-1-0.97 


+0.90 
+0.78 

+6.78 

+4.17 


+4.44 
+4.65 


+4.98 
+5.10 

+5^27 

+1.21 
+1.18 


+1.08 
+1.06 
+0.92 
+0.92 
+0.91 

+o!86 
+2.. 30 
+2.35 
+2.41 
+2.46 


+2.85 
+2.91 
+2.97 
+3.03 
+3.20 
+3.26 
+3.34 
+3.42 


+3.86 
+3.95 

+4.02 
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MiCBOMETRICAL    OBSERVATIONS   OF    EkOS 


MICROMETRICAL  OBSERVATIOXS  OF  EROS—Continued 


Jan.  3  12'>  32°  & 

12  58   7 

13  8  14 
13  13  31 
13  18  19 
13  26  35 


Jan.  8 


5  55  39 

6  2  7 
6  8  39 
6  14  5 
6  19  10 
6  24  28 
6  28  38 
6  33  48 
6  37  55 
6  54  5 
6  59  36 

7  29 

11  0 

16  22 

19  40 

59  41 

4  10 

9  44 

8  14  9 

8  18  46 

8  22  42 

Jan.l2  6   5  29 

6  10  47 

6  15  51 


Jan.14 


Jan.lC 


5  58  52 

6  3  49 
6  9  56 
6  14  39 
6  20  12 
6  24  44 
6  49  54 

6  57  49 

7  2.^ 

8  43  31 
8  49  10 

8  54  24 

9  16  59 
9  23  .32 
9  28  52 
9  47  23 
9  52  57 
9  58  28 

10  25  32 

10  .30  53 

10  .36  20 

10  53  .34 

10  58  52 

11  3  51 

11  55  4 

12  0  57 
12  6  18 
12  24  24 
12  .30  10 
12  rj6  29 

5  43  5 

5  48  48 

5  53  38 

5  59  4 

6  4  6 
6  22  .30 
6  26  57 


4 
3 
4 
3 
4 
3 

1 
1 
1 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 

11 
11 
11 

1 

2 

•1 

2 

1 

2 

2 

2 

2 

11.5 
11.5 
11.5 
11.5 
11.5 
11.5 
11.5 
11.5 
11.5 

9 

9 


+1    .37ri7 
-H)    50.85 


+1    45.28 


-2    12.77 
-3      5.65 


-1    12.19 
-2      6.05 


+0    15.75 
-0    36.69 


-0    27.74 


+4    22.32 
-1    24.63 


-0    16.09 
+6  "9.69 

+i'  "5.23 

+i"'52'..'56 

'-i'ii'm 
-6  3.5.22 

+i   "7!82 
-fi"56!42 


-1    17.96 
-1      9.71 


-0    14.11 


+0:10 
+0.04 


+0.03 


-0.03 
-0.05 


-0.02 
-0.04 


0.00 
-0.01 


-fO.08 
-0.02 


0.00 

"6!66 

+6.02 

+6.60 
-6!6.3 
' '6!o6 
+6.65 
+6.68 


-0.02 
-0.02 


0.00 


+1'  37  .'27 
+0    50.89 


+1    45.31 


-2    12.80 
-3      5.70 


-1    12.21 
-2      6.09 


-1-0    15.75 
-0    36.70 


-0    27.75 


+4    22.40 
-1    24.65 


-0    16.09 


-fO      9.69 


+1      5.25 


+1    52.55 


-1    21.06 


-0    .35.22 


+1      7.87 


+1    56.50 


-1     17.98 
-1      9.73 


-0    14.11 
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-0'  26  .'20 
-1  8.51 
-1      6.95 


-1    40.67 
-1    42.37 


-1  56.18 
+2  10.26 
+0      7.47 


+1  49.28 

-0  12.54 

+1  27.61 

-0  35.88 


+1  3.67 

-0  56.86 

-1-0  16.80 

-1  45.29 


-0      3.81 
-2      5.36 


-2      3,08 


-1-0      3.21 
-2    55. &5 


-0 
-3 
-3 

19.29 
17.89 
44.39 

-3 

+1 

58.00 
2.24 

+0 
+0 

50.78 
26.01 

+0 
-0 

13.. 38 
7.31 

-0 

-1 

19.15 
21.26 

-1 
-1 

a3.20 
51.84 

-2 
-3 

3.29 
0.01 

-3 
-3 

12.  &3 
32.61 

-3 

+0 

46.03 

19.42 

+0 
-0 
-0 

2.72 

2.47 

21.69 

-0.'02 
-H).03 
-0.01 


-i-0.05 

-0.04 

-6.04 
+0.04 
-1-0.01 


-1-0.03 

0.00 

-1-0.03 

-0.02 


-1-0.02 
-0.02 
+0.01 
-0.03 


-H).01 
-0.04 


-0.04 


-0.01 
-0.05 


-0.01 
-0.06 
-0.07 

-6.67 
-1-0.02 

+6162 
+0.02 

+6'.6i 

+0.02 

+6.62 

-0.05 

-6.65 

-0.05 

-om 

-0.06 

■  -6.66 

-0.05 
-6^05 
-1-0.01 


o.aj 

0.00 
-0.01 


-0'  26  .'22 
-1  8.48 
-1      6.96 


-1    40.62 

-1    42.41 

-i'  '56.22 
+2  10.30 
-fO      7.48 


+1  49.31 

-0  12.54 

+1  27.64 

-0  35.90 


+1  3.69 

-0  56.88 

-H)  16.81 

-1  45.32 


-0      3.80 
-2      5.40 


-2      3.12 


-1-0      3.20 
-2    55.90 


-0    19.. 30 


Parallax  Factors 


-|-0?542 
+0..')41 


-0.147 


-0.096 
-0.087 


-H).002 
-1-0.009 


-1-0.143 
-H).152 


-0.111 
-0.102 


-3 
-3 

17.95 
44.46 

-3 

+1 

58.07 
2.26 

+0 
+0 

50.80 
26.03 

+0 
-0 

13.. 39 
7.29 

-0 

-1 

19.13 
21.31 

-1 

-1 

a3.25 
51.89 

-2 
-3 

3.. 35 

0.07 

-3 
-3 

12.69 
32.66 

-3 

+0 

46.08 
19.43 

::::::::::  i 

+0 
-0 
-0 

2.72 

2.47 

21.70 

-1-0.235 


+0..301 
+6.352 
+0^409 
+6.444 
+6.496 
+0.508 


-0.1.52 
-0.142 


-0.071 
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MICROMETRICAL  OBSERVATIONS  OP  EROS— Continued 


Jan.16  6"  SI-"  35^ 

6  49  40 

6  54  43 

6  59  33 

7  8  24 
7  12  39 
7  16  57 


Jan.18  10  57 


11  2  59 

11  8  56 

11  13  54 

11  18  15 

11  23  38 

11  29  18 

11  .33  23 

11  41  16 

11  45  19 


Jan.l9  5 
5 
5 
5 
5 


Jan.20 


32  41 

37  51 

43  5 

47  26 

52  6 


5  56  12 


6   1  27 

6   7  a3 

6  12  2 

6  37  0 

6  45  49 

6  50  23 

6  55  44 

7  0  11 

7  4  44 

8  29  29 
8  36  .33 
8  42  6 
8  48  20 

54 

3 

8  50 

12  .37 

15  58 


59 


46 

5  52 

5  58 

6  15 
6  20 
6  25 
6  49 

6  55 

7  2 
10  37 
10  42 
10  46 
10  51 

10  55 

11  0 
11  6 
11  9 
11  23 
11  28 
11  .33 
11  37 
11  42 
11  47 
11  53 
11  58 


Jan.21  10  27  58   9 


12 
12 
12 
12 
12 
12 
12 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

1 
1 
1 
2 
1 
2 
1 
2 
1 
2 


+0 

3ir49 

+1 

1.28 

-0 

15.18 

+0 

4.96 

+0 

21.87 

+0 

41.39 

+1 

2.46 

+2 

49.72 

-0 

+3 

42.16 
30.86 

+0 

43.97 

+1 

40.57 

-1 

6. .30 

-0 

38.21 

-0 

3.&3 

+1 

37.73 

+2 

26.69 

+3' 

29^36 

-0  6.33 

-1  29.69 

+0  9.a3 

-1  11.95 


+1  17.81 

-0  5.78 

+1  33.. 58 

+0  11.61 


-fO.'Ol 
+0^02 
-0.01 

'  o.'oo 

+0.01 
+6.03 
+0.04 

+6'.04 


-0.01 
+0.06 


+0.02 


+0.03 


-0.02 


-0.01 


+0.03 


+0.04 

+6!66 


0.00 
-0.05 
+0.01 
-0.04 


+0.07 
+0.03 
+0.07 
+0.02 


4^ 

31^50 

+1 

1.30 

-0 

15.19 

+0 

4.96 

+0 

21.88 

+0 

41.42 

+1 

2.50 

+2 

49.76 

-0 

+3 

42.17 
30.92 

+0 

43.99 

+1 

40.60 

-1 

6.. 32 

-0 

.38.22 

-0 

3.63 

+1 

.37.76 

+2 

26.73 

+3'  '29^42 

-0    3iri3 
-0    50.50 


-0  6.33 

-1  29.74 

+0  9.04 

-1  11.99 


+1  17.88 

-0  5.75 

+1  33.65 

+0  11.63 


-1 
-1 

0.64 
10.33 

-1 

19.05 

-0 

3.24 

-0 

14.66 

-0 

25.. 36 

-0 

36.26 

-0 

-1 

49.22 
42.82 

-1 
-1 

_2 

53.51 
44.. 55 
3.a5 

-2 
_2 
-2 

5.47 
23.62 
.36.21 

_2 
-0 

50.07 
8.13 

-0 
-0 

17.46 
43.67 

-0 

-1 

56.51 
3.59 

-1 
-1 

14.85 
25.. 50 

-1 
-2 

33.54 

40.86 

-2 
-3 

53.. 38 
11.28 

-3 
-3 

22.. 31 
46.81 

-4 

+0 

+2 

1.16 

59.83 

9.02 

+0  28.92 

+1  38.91 

+0  9.79 

+1  17.85 


-0    22. 56 
+0    45.62 


-O.'Ol 
-0.01 

-6^02 
-0.02 

-om 

"0.60 
"om 
"6!oo 
+0.01 
+o!oi 

-0.04 

-6.64 

-0.03 
-0.05 


-0.04 
-0.05 
-0.05 

-6.65 
0.00 

"o^oo 

-0.02 

-6.62 
-0.02 

-6.63 
-0.03 

-0^03 

-0.06 

-0!06 
-0.06 

-6.06 
-0.07 

-0.67 
+0.02 
+0.02 


+0.02 
+0.02 
+0.03 
+0.03 


+0.05 
+0.04 


-0'  3iri4 
-0    50.51 


Parallax  Factors 


-1 
-1 

0.66 
10.. 35 

-1 

19.07 

-0 

3.24 

-0 

14.66 

-0 

25.36 

-0 

36.25 

-0 

-1 

49.21 
42.86 

-1 
-1 

-2 

53.55 

44.. 58 

3.10 

-2 
-2 
-2 

5.51 
23.67 
36.26 

-2 

-0 

50.12 
8.13 

-0 
-0 

-0' 
-1 

17.46 
43.69 

56.. 53' 
3.61 

-1 
-1 

14.88 
25.53 

-1 
_2 

33.57 
40.91 

-2 
-3 

53.44 
11.34 

-3 
-3 

22.. 37 
46.88 

-4 
+0 

+2 

1.23 

59.85 

9.04 

+0  28.94 

+1  38.93 

+0  9.82 

+1  17.88 


-0    22.51 
+0    45.66 


-0?011 
+0^029 
+0.4.36 


+0.448 
+0'457 


+0.466 
+0.476 


-0.1.31 
-0.121 


-0.026 


+0.007 


+0.209 


+0.240 


+0.279 


-0.078 
-0^002 


+0.421 
+0.430 
+0.432 
+0.437 


+0.467 
+0.470 
+0.474 
+0.477 


+ire 

+1.6 


-1-0.. 396 


+1.66 

+1.67 

+.3^.54 

+3.68 

+3.80 

+3.94 

+4.10 

+2.08 

+2.03 
+2.01 
+1.99 

+1.93 
+1.92 
+1.87 

+i;86 
+1.86 

+i".86 
+2.12 

+2.26 
+2.24 

+2!  si 

+2.39 

+2^44 

+2.07 

+2^02 
+1.97 

+1^95 
+1.93 

+i'9.3 
+3.32 
+3.. 38 


+3.66 
+3.70 
+3.88 
+3.95 


+4.28 
+4.34 
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MiCBOMETKICAL   ObSEBVATIONS   OF    EbOS 


MICROMETRICAL  OBSERVATIONS  OF  EROS  —  Continued 


Jan.21  lOh  33"  1' 

10  38  29 

10  47  54 

10  53  43 

10  59  17 

Jan.22  11  56  46 

12  3  22 

12  12  19 

12  18  9 

12  23  38 

12  28  3 


Jan.24 


C  2  50 

6  10  0 

6  17  15 

9  20  54 

9  26  50 

9  32  37 

9  39  56 

9  44  39 

9  49  24 


Jan^ 


5  43  32 

5  47  32 

5  51  56 

5  55  40 

5  59  .35 

6  3  54 
6  7  15 
6  12  45 
6  15  46 
6  24  10 
6  28  29 
6  32  31 
6  36  a5 
6  40  5j 
6  47  51 
6  51  28 
6  57  8 

0  40 
4 


41 

9  18 

12  2 

15  43 

41  39 

48  55 

53  50 

58  36 


Jan.27    6  45  53 

6  52  30 

6  57  36 

Jan.28    6  57  18 

7  2  16 
7  6  56 


Feb.l 


5  52  19 

5  58  36 

6  5  0 
6  24  11 
6  29  .'fi 
6  34  37 
6  50  39 

6  55  rw 

6  59  38 

7  5  15 
7  11  49 
7  16  6 


Com  p. 

No. 

Star 

Obs. 

9 

5 

9 

o 

9 

5 

9 

5 

9 

5 

1 

6 

1 

o 

1 

o 

2 

o 

2 

o 

1 

5 

1 

5 

1 

5 

2 

5 

2 

5 

2 

5 

2 

5 

2 

5 

2 

5 

1 

5 

1 

4 

1 

0 

2 

5 

3 

5 

2 

5 

3 

5 

2 

5 

3 

5 

1 

5 

1 

3 

1 

5 

1 

5 

1 

5 

4 

5 

1 

5 

4 

5 

1 

5 

1 

5 

4 

3 

4 

2 

1 

5 

1 

5 

1 

5 

1 

5 

1 

5 

13 

5 

13 

5 

13 

5 

13 

5 

13 

5 

13 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

6 

10 

5 

10 

5 

+0' 
+0 

12ri9 
29.61 

+0 

50.25 

+1 

13.60 

-1 

3.70 

-H 

26.48 

44 

53.70 

+2 

11.20 

+2 

45.92 

-2 

31.63 

+3 
+3 

17.99 
23.72 

+1 

-1 
-0 

48.92 

7.21 

59.44 

+0 
-0 
-0 

49.51 
14.34 
6.65 

+1 
+1 

16.45 
25.32 

+3 

6.27 

+3 
+1 

29.28 
11.52 

+1 
-2 

30.39 
43.14 

-2 
-1 

18.24 
39.76 

-1 
-0 

18.61 
46.60 

-0 
-0 

28.82 
17.34 

+0      4.34 


O.'OO 
+0.01 

+6.62 

+0.03 

-6.63 

+0.08 
+0.08 
+0.05 

+6.66 
-6.05 


+0.06 
+0.06 


Not 
-0.02 
-0.02 


+0.01 
0.00 
0.00 


+0.02 
+0.03 


+0.05 

+6!66 

+0.02 

+6.62 

-0.05 

-6.04 
-0.03 

-6.62 
-0.01 

-o.oi 

-0.01 


+0' 
+0 

12:19 
29.62 

+0 

50.27 

+1 

13.63 

-1 

3.73 

+4 

26.56 

+4 

53.78 

+2 

11.25 

+2 

45.98 

-2 

31.68 

+3    18.05 
+3    23,78 


Eros.  An 
-1  7.23 
-0    59.46 


+0  49.52 
-0  14.34 
-0      6.65 


+1    16.47 
+1    25.35 


+3  6.32 
+3'  '79.34: 
+1    11.54 

+i'  so'.ii 

-2    43.19 

-2  "i8!28 
-1    39.79 

-i'is.ea 

-0    46.61 

-6  28!  83 
-0    17.35 

+6  "iisi 

104 


-3 

28.46 

-2 

6.73 

-2 

+1 

23.89 
41.21 

+1 

30.64 

+3 

10.27 

+1 

52.51 

+1 
+1 

40.98 
.33.73 

+1 
-0 

24.74 
19.00 

-0 
-1 
-2 

27.67 
7.13 
4.89 

-1  24.90 
-2  21.72 
-1  0.86 
ll™  star 


-1  17.92 
+0  23.79 
-1    28.96 


+0  2.14 

-0  1.40 

-1  54.11 

-2  21.20 


-2 

38.63 

+0 

40.92 

+1 

55.18 

+1 

39.76 

+1 

8.93 

+0 

42.48 

+0 

26.  (« 

-0.03 
+0.01 

+6'.6i 

+6.65 
+6.65 
+6.65 

+0.05 

+6!66 

0.00 

' '6.66 

-0.03 
-0.05 


-0.03 
-0.05 
-0.01 


+0.02 
+0.01 
+0.02 


0.00 
0.00 
-0.03 
-0.04 


-O.O) 

+6'.6i 
+6.64 

+6.04 

+6.02 
+6'.6i 
+6'.6i 


-3'    6ro9 


-3 

28.53 

-2 

6.76 

-2 

+1 

23.92 
41.22 

+1 

30.65 

+3 

10.32 

+1 

52.56 

+1 
+1 

41.03 
.33.78 

+1 
-0 

24.80 
19.00 

-0 

-1 
-2 

27.67 
7.16 
4.94 

-1 
_2 

-1 

24.93 
21.77 
0.87 

-1 
+0 

-1 

17.  !X) 
23.80 
28.94 

+0  2.14 

-0  1.40 

-1  54.14 

-2  21.24 


-2 

38.68 

+0 

40.93 

+1 

55.22 

+1 

39.80 

+1 

8.95 

+0 

42.49 

+0 

26.04 

Parallax  Facto 


-|-0'410 
-1-0.420 


-1-0.434 

+0'.48i 

+6!  489 

-0.110 
-6'.68i 
+6.364 

+6.333 
-6'.i43 


-0.110 
-0.106 


-0.049 
-0.041 


-1-0.002 
-1-0.010 
-1-0.019 


+0.112 
-i-0.123 


-0.017 
+6.668 
-fO.006 

+6!627 

-0.239 

-6'.2i5 
-0.179 

-6!i59 
-0.128 
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MICROMETRICAL  OBSERVATIONS  OF  EROS— Continued 


Feb.  4  Qh  33™  ;V 

9  39  8 

9  45  30 

10  21  36 

10  26  3 

10  30  36 

10  40  44 

10  44  57 

10  46  53 

10  48  19 

10  52  46 


Feb.  5 


5  27 

9  47 

6  16  25 

6  19  52 

6  23  27 

6  29  7 

6  a3  28 

6  45  18 

6  51  57 

6  56  47 

7  5  34 
7  10  45 
7  15  10 
7  17  16 

10  7  29 

10  13  38 

10  20  6 

10  29  51 

10  34  41 

10  39  56 

10  47  43 

10  52  46 

10  56  0 

10  58  39 


10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 


-2' 

20:64 

-0 

43.43 

-0 
0 

+0 

3.62 
0.00 
2.63 

+1 

_2 

7.41 
16.64 

+1 
-1 
-1 

55.93 

28.09 
3.70 

-0 
-0 

39.73 
22.22 

-0 

+0 

-1 

2.43 
2.24 
43.36 

-1 

-0 

17.10 
56.84 

-0 
-0 

.35.80 
19.53 

-0 
+0 


1.&3 
3.26 


-O^C 


-0.02 


0.00 
0.00 
0.00 


+0.02 
-0.04 


+0.03 
-0.03 
-0.02 

-6.01 
-0.01 

"o!oo 

0.00 
0.05 

-0.04 
-0.03 

-6!  02 
-0.02 

-0.01 
-0.01 


-2' 

20:70 

-0 

43.45 

-0 

0 

+0 

3.62 
0.00 
2.&3 

+1 
_2 

7.43 
16.68 

+1 
-1 
-1 

55.96 
28  12 
3.72 

-0 
-0 

39.74 
22 .  23 

-0 

+0 

-1 

2.43 

2.24 

43.41 

-1 

-0 

17.14 

56.87 

-0    .35.82 
-0    19.55 


-0 

+0 


1.64 
3.25 


+1'  24  .'70 

+r '11.44 

+0    34.43 

+0  "25'.37 
+0    15.00 


+0      2.63 


+0  20.19 
+0  1.50 
-0      2.46 


-0    13.83 

-6  '34^8.3 

-6"  53. 4.3 


0.0) 
0.00 


0.00 
0.00 


0.(X) 
0.00 
0.00 


-0.01 

-o'.oi 

-6'.  03 

-6.6.3 
-6!  6.3 


Parallax  Facto 


+1'   24^70 


+1     11.44 
+0    34.43 


+0    25.. 37 
4-0    15.00 


+0      2.63 


+0  20.19 
-K)  1.50 
-0      2.46 


-0    30.41 
-6' "49!  19 

-6"  13^86 
-6".34!86 

-6  "53.46 


+0^:316 


+0.380 


+0.402 
-1-0.404 
-f-0.405 


-0.096 
-0.088 


-0.047 
-0.039 
-0.015 

+6.068 
+0.027 

+6  .'047 

+0.051 
+0.355 

+6^372 
-f-0.383 

+6.396 
+0.403 

+0^412 
+0.414 


+3:46 

+3:55 
+3.85 

+3^94 
+4.03 


+4.17 


+2.93 
+2.92 
+2.91 


+2.89 
+2.90 

+3 '.82 
+4'6i 

+4!  17 


COMPARISON  STARS 
The   following   table    contains    the    comparison    stars    used  in  these  measures.     The    accurate 
positions  of  these  stars  are  now  being  photographically  measured  in  Europe  and  are  not  yet  available. 


Date 

Star 

Oct. 

2 

1 
2 

8.6 
Eros 
12 

Oct. 

3 

1 

2 

Oct. 

4 

10.3 
Eros 

Oct. 

8 

1 
2 

i    ■ 
2 

9.8 

Oct. 

9 

1 
2 
3 

Eros 

1     ■ 
2 

Oct. 

10 

Oct. 

11 

i 

10.5 

11.0 

8.6 
10.5 
12 
10 
10.8 
10.3 
10 
12 
12 

9.5 
13 
12.5 

9.8 
12.2 
12 
12.5 
10 

9 

9.8 
10 
12.7 
12.5 


8^  12'"  to      8"  .38™ 

8    12     to      8    38 

50  to  9  03  and  11  .32  to  11  52 


16 

46 

to 

17 

4 

12 

50 

to 

13 

18 

12 

.50 

to 

13 

18 

11 

59 

to 

12 

13 

7 

27 

to 

8 

11 

7 

27 

to 

8 

11 

.32  and  12  36  to  13  10 

16 

42 

to 

17 

5 

16 

42 

to 

17 

5 

17 

9 

to 

17 

36 

7 

15 

to 

8 

47 

7 

15 

to 

8 

47 

7 

15 

to 

8 

47 

14 

n 

to 

14 

.32 

Ifi 

19 

to 

17 

41 

16 

19 

to 

17 

41 

12 

,50 

to 

13 

2 

6 

44 

to 

8 

4 

Same  star  both  times 


18.55.0    a  2"  40=^  15.0'     =  +47"  25.'0 


10.5 
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MiCKOMETKICAL    OBSERVATIONS   OF    Ekos 


COMPARISON  ST \RS-Co7itinued 


Date 

star 

Magnitude 

T 

me 

Bemarks 

Oct.  11 

2 

12.5 

e"- 

44" 

to 

8" 

4"' 

1 

12 

13 

47 

o 

14 

7 

2 

12.5 

13 

47 

o 

14 

7 

1 

12.5 

16 

.■52 

o 

17 

31 

2 

12 

16 

:J2 

o 

17 

31 

Oct.  14 

1 

12.5 

7 

17 

o 

7 

.34 

2 

10 

7 

17 

o 

7 

34 

1 

16 

57 

o 

17 

45 

2 

16 

57 

to 

17 

45 

Oct.  15 

1 

io" 

6 

41 

to 

7 

22 

2 

10.5 

6 

41 

to 

7 

22 

Oct.  16 

1 

12 

6 

.38 

to 

7 

a3 

2 

12.5 

6 

m 

to 

7 

a3 

3 

12 

6 

;» 

to 

7 

.33 

7.8 

7.8 

12 

.'iO 

to 

12 

56 

/  ^ 

1 

7.8 

16 

40 

to 

17 

50 

^  Same  star 

2 

10 

16 

40 

to 

17 

.50 

Oct.  17 

10.5 

7 

9 

to 

7 

3t) 

10 

11 

41 

to 

11 

57 

i 

A  little  fainter  than  Eros 

16 

56 

to 

17 

46 

2 

16 

56 

to 

17 

46 

Oct.  18 

9'2 

16 

3 

to 

16 

17 

Oct.  25 

i" 

12 

6 

18 

to 

7 

52 

2 

10.5 

6 

18 

to 

7 

.52 

1 
1 

10.5 
10.5 

11 
16 

31 
31 

to 
to 

11 
17 

43 
51 

'■  Same  .star 

2 

10.5 

16 

31 

to 

17 

51 

Oct.  26 

1 

12 

5 

5.3 

to 

9 

3 

Same  as  *  1 

It  11"  56"  to  12"  11" 

2 

12.5 

6 

14 

to 

6 

27 

1 

12 

11 

.56 

to 

12 

11 

Same  as  *  1 

at   5>'  55'"  to    9"    3'" 

1 

11 

16 

25 

to 

17 

.■J6 

2 

11 

16 

25 

to 

17 

.36 

3 

11 

16 

25 

to 

17 

3(i 

Oct.  27 

1 

12 

9 

7 

to 

9 

.■!() 

2 

13 

9 

:ii 

to 

9 

47 

Oct.  30 

11 

15 

52 

to 

16 

12 

Nov.    1 

i" 

10 

5 

55 

to 

6 

56 

2 

11 

5 

55 

to 

6 

56 

3 

10.5 

5 

55 

to 

6 

56 

4 

9.2 

5 

55 

to 

6 

56 

1 

8 

10 

to 

9 

0 

2 

8 

10 

to 

9 

0 

3 

8 

10 

to 

9 

0 

1 

'9^8 

16 

46 

to 

18 

1 

2 

10 

16 

46 

to 

18 

1 

3 

10 

16 

46 

to 

18 

1 

Nov.    2 

1 

10.5 

f) 

42 

to 

6 

.39 

Same  as  *  1 

8''     9"  to      8'>  44"' 

2 

12.5 

5 

42 

to 

6 

.39 

3 

10 

5 

42 

to 

6 

:59 

Same  as  *  3 

8      9     to      8     44 

1 

10.5 

8 

9 

to 

8 

44 

Same  as  *  1 

5    42     to      (i    .39 

3 

10 

8 

9 

to 

8 

44 

Same  as  *  .3 

5     42     to      6     ,39 

4 

8 

9 

to 

8 

44 

1 

10 !  2 

12 

17 

to 

12 

58 

Same  as  *  1 

16    .56     to     18      8 

2 

9.9 

12 

17 

to 

12 

58 

Same  as  *  2 

16    56     to     18      8 

1 

10.2 

16 

.5fi 

to 

18 

8 

Same  as  *  1 

12     17     to     12    58 

2 

9.9 

16 

.56 

to 

18 

8 

Same  as  *  2 

12    17    to    12    58 

3 

11 

16 

.56 

to 

18 

8 

Nov.    3 

1 

11 

5 

:w 

to 

8 

32 

2 

9.5 

5 

;» 

to 

8 

.32 

10 

10 

10 

.52 

to 

11 

10 

9.5 

9.5 

11 

18 

to 

11 

;ii 

1 

10.5 

16 

18 

to 

IH 

ti 

2 

10.5 

16 

18 

to 

18 

*; 

3 

12 

16 

18 

to 

18 

<i 

Nov.   4 

1 

11.5 

6 

2 

to 

8 

:») 

2 

11 

6 

2 

to 

8 

30 

3 

10 

6 

2 

to 

8 

.30 

Same  a.s  *  3 

10    26    to     ID     to 

4 

11 

6 

2 

to 

8 

.30 

Same  as  *  4 

10    26    to     KJ    40 

4 

11 

10 

2<i 

to 

10 

.'{5 

.T 

10 

10 

.30 

to 

10 

40 

I 

10 

16 

21 

to 

18 

11 
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COMPARISON   STARS  — Continued 


Date 

star 

Magnitude 

Time 

Remarlis 

Nov.    i 

2 

10 

16" 

21"' 

to 

18" 

ll"' 

Nov.    5 

1 

13 

5 

37 

to 

7 

51 

2 

13.5 

5 

37 

to 

7 

51 

3 

12 

5 

37 

to 

7 

51 

i 

5 

37 

to 

7 

51 

5 

ii" 

5 

.37 

to 

7 

51 

6 

12 

5 

37 

to 

7 

51 

Same  as  *  6  10  .33  to  10  50 

7 

10 

5 

37 

to 

7 

51 

6 

12 

10 

33 

to 

10 

50 

Same  as  *  6  5  37  to  7  51 

Nov.    6 

12 

10 

23 

to 

10 

28 

Nov.    7 

i  ' 

11.5 

13 

8 

to 

13 

16 

2 

11 

13 

8 

to 

13 

16 

Nov.    8 

1 

11.5 

5 

50 

to 

8 

18 

2 

11.5 

5 

50 

to 

8 

18 

3 

11.5 

5 

50 

to 

8 

18 

1 

11 

16 

16 

to 

17 

52 

2 

11.5 

16 

16 

to 

17 

52 

Nov.  10 

1 

Same  as  Eros 

5 

44 

to 

7 

16 

1 

14 

51 

to 

15 

37 

2 

14 

51 

to 

15 

.37 

1 

12 

16 

41 

to 

17 

3 

2 

12 

16 

41 

to 

17 

3 

3 

12 

16 

41 

to 

17 

3 

Not.  11 

/ijin  less  than  Eron 

6 

28 

to 

6 

49 

9.7  Ataless  than  Eros 

7 

9 

to 

8 

5 

Nov.  13 

i 

11 

5 

48 

to 

8 

3 

2 

11 

5 

48 

to 

8 

3 

1 

11 

8 

49 

to 

9 

28 

A  new  set  of  stars 

2 

11 

8 

49 

to 

9 

28 

Same  as  *  2  11  24  to  11  59 

1 

11 

24 

to 

11 

59 

2 

ii' 

11 

24 

to 

11 

59 

Same  as  *  2  8  49  to  9  28 

2 

11 

16 

56 

to 

18 

16 

3 

10 

16 

56 

to 

18 

16 

Nov.  15 

1 

11.5 

6 

13 

to 

7 

55 

2 

11 

6 

13 

to 

7 

55 

Nov.  21 

1 

11 

5 

33 

to 

6 

29 

Same  as  *  1  below 

2 

11 

5 

a3 

to 

6 

29 

Same  as  *  2  below 

3 

11 

5 

33 

to 

6 

29 

Same  as  *  3  below 

4 

10 

5 

33 

to 

6 

29 

1 

11 

7 

11 

to 

8 

25 

Same  as  *  1  5    .^3    to  6    29 

2 

11 

7 

11 

to 

8 

25 

Same  as  *  2  5    .33    to  6    29 

3 

10 

7 

11 

to 

8 

25 

Same  as  *  3  5    33    to  6    29 

1 

9.5 

16 

46 

to 

17 

33 

Nov.  22 

1 

9.0 

7 

25 

to 

8 

51 

2 

9.5 

7 

25 

to 

8 

51 

1 

10 

15 

52 

to 

17 

26 

2 

11 

15 

52 

to 

17 

26 

Nov.  23 

.5m  fainter  than  Eros 

9 

45 

to 

10 

2 

Nov.  25 

i" 

9.7 

6 

33 

to 

9 

12 

2 

9.0 

6 

33 

to 

9 

12 

/  o 

2 

9.0 

15 

18 

to 

17 

58 

'■  Same  star 

3 

n.  p.  of  two  10m  stars 

15 

18 

to 

17 

58 

4 

10  s.  f.  of  the  two 

15 

18 

to 

17 

58 

Nov.  26 

1 

5 

35 

to 

8 

15 

Same  as  *  1  12    14     to  12 

59 

3 

10 

5 

.35 

to 

8 

15 

Same  as  *  3  Nov.  25 

4 

10 

5 

35 

to 

8 

15 

Same  as  *  4  Nov.  25 

1 

12 

14 

to 

12 

59 

Same  as  *  1  5    35       to     8 

15 

2 
2 

12 
15 

14 
15 

to 
to 

12 
16 

59 
58 

'-  Same  star 

5 

ii 

15 

15 

to 

16 

58 

6 

11 

15 

15 

to 

16 

58 

Nov.  27 

7.7 

7.7 

5 

21 

to 

8 

13 

1 

11 

5 

21 

to 

8 

13 

2 

11 

5 

21 

to 

8 

13 

Nov.  29 

1 

9.5 

5 

31 

to 

8 

31 

2 

9.8 

5 

31 

to 

8 

31 

3 

11 

5 

31 

to 

8 

31 

11 

15 

42 

to 

16 

44 

Dec.    1 

l" 

11 

15 

30 

to 

16 

26 

2 

10 

15 

.30 

to 

16 

26 

Dec.    2 

1 

12 

5 

42 

to 

6 

16 
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MiCBOMETBICAL   OBSERVATIONS   OF    EhOS 


COMPAKISON  STA:RS- Continued 


Dec.   2 
Dec.   5 

Dec.    8 
Dec.    9 

Dec.  10 
Dec.  11 

Dec.  12 

Dec.  17 
Dec.  18 

Dec.  19 


Dec.  20 
Dec.  21 


Dec.  24 


Dec.  26 
Dec.  28 


Dec.  29 

Dec.  30 
Dec.  31 
Jan.    1 

Jan.  2 
Jan.    3 


Jan.    8 


Jan.  12 
Jan.  14 


1 
2 

i' 

2 
1 
2 
3 
1 
2 
1 
2 
3 
9 
12 
1 
2 
3 
1 
2 
3 
4 

i 

2 

1 

2 
13 

1 

2 

8 
13 

9.5 

1 

2 

1 

2 

9.5 
12.5 

1 

2 

1 

2 
10 
10.5 
10 

1 

2 

1 

2 

3 

4 

1 

2 

3 
11 

1 


Magnitude 


11 
11 

9.7 
9.2 
lOra  (11m  star  close  n.  p.) 

.5m  fainter  than  Eros 

11m  (s.  of  two  11m  stars) 

9.8 

Nearly  Im  fainter  than  Eros 

11 

11 

11 

11.5 
11.5 
10 
10 
10.5 
11 
9(?) 
8.5 
10m  (Im  fainter  than  Eros) 
12 
9 

9.2 
11 
8.8 
12 
9 
12 
11 
11 
11 
11 
11 
11 
11 

i2.'5 

12.5 

11 

10.5 

13 

11.5 

12.5 

8 
13 

9.5 
13 
13 

10.!5± 
12  i 

9.5 
12.5 
12.5 
11.5 

9.5 
11.5 
10 
10.5 
10 
13 
13 
10 
11 
ID 
III 
II 

n 
11 
II 

Id 


5h  42">  to 

6''  16' 

5 

42 

to 

6 

16 

6 

49 

to 

9 

29 

6 

49 

to 

9 

21t 

6 

49 

to 

9 

29 

i;{ 

5;i 

to 

15 

7 

13 

5.3 

to 

15 

7 

6 

'2."! 

to 

8 

22 

12 

b:i 

to 

14 

.58 

13 

m 

to 

14 

12 

5 

19 

to 

8 

12 

D 

19 

to 

8 

12 

o 

19 

to 

8 

12 

14 

58 

to 

15 

51 

5 

21 

to 

7 

52 

5 

21 

to 

7 

52 

b 

2 

to 

7 

26 

13 

51 

to 

15 

37 

13 

51 

to 

15 

37 

4 

58 

to 

8 

9 

4 

58 

to 

8 

9 

4 

58 

to 

8 

9 

8 

57 

to 

9 

9 

8 

01 

to 

9 

9 

4 

55 

to 

7 

41 

4 

oo 

to 

7 

41 

4 

55 

to 

7 

41 

12 

46 

to 

15 

•> 

14 

20 

to 

14 

.3.3 

o 

6 

to 

7 

.37 

5 

6 

to 

7 

37 

0 

6 

to 

7 

37 

12 

47 

to 

14 

29 

12 

47 

to 

14 

29 

12 

47 

to 

14 

29 

12 

47 

to 

14 

29 

0 

4 

to 

7 

a-. 

13 

47 

to 

14 

16 

13 

47 

to 

14 

16 

13 

27 

to 

14 

5 

13 

27 

to 

14 

5 

5 

57 

to 

6 

46 

20    to      7    12 


5 

20 

to 

7 

12 

11 

14 

to 

12 

.33 

11 

14 

to 

12 

.33 

5 

26 

to 

7 

19 

5 

.56 

to 

6 

21 

5 

56 

to 

6 

21 

5 

29 

to 

6 

43 

5 

29 

to 

6 

43 

5 

45 

to 

10 

49 

12 

43 

to 

12 

57 

o 

42 

to 

7 

7 

.5 

42 

to 

7 

7 

10 

.58 

to 

11 

24 

10 

.58 

to 

11 

24 

12 

43 

to 

13 

57 

5 

17 

to 

7 

2 

12 

42 

to 

13 

45 

ij 

.'{9 

to 

6 

43 

.T 

.'19 

to 

6 

43 

10 

m 

to 

13 

26 

10 

:Mi 

to 

13 

26 

10 

m 

to 

13 

26 

10 

m 

to 

13 

26 

5 

.55 

to 

8 

22 

5 

55 

to 

8 

22 

5 

55 

to 

8 

22 

« 

5 

U) 

6 

15 

.5 

.58 

to 

7 

2 
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COMPARISON  STARS  — Continued 

Date 

Star 

Magnitude 

Time 

Remarks 

Jan.  14 

2 

12 

5''  58"'  to      7''     2"' 

11.5 

11.5 

8    43    to      9    58 

9 

9 

10    25    to    12    36 

Jan.  16 

12 

12 

5    43    to      7     16 

Jan.  18 

12.5 

12.5 

10    57     to     11     45 

Jan.  19 

1 

10 

5    32    to      7      4 

2 

13 

5    .32    to      7      4 

3 

13 

5    32    to      7      4 

12 

12 

8    29    to      9    15 

Jan.  20 

10 

10 

5    46    to      7      2 

1 

9.8 

10    .37    to    11    58 

2 

10 

10    .37     to    11    58 

Jan.  21 

9 

9 

10    27    to    10    .59 

Jan.  22 

1 

11 

11    .56    to    12    28 

2 

12 

11    56    to    12    28 

Jan.  24 

1 

Im  br.  than  Eras.  A  12m  star  tol.  it  i:5 

6      2    to      6    17 

2 

.5m  fainter  than  Erofs 

9    20    to      9    49 

Jan.  25 

1 

9.8 

5    43    to      7    58 

2 

11 

5    43    to      7    58 

3 

10.5 

5    43    to      7    .58 

12 

5    43    to      7    58 

Jan.  27 

13 

6    45    to      6    57 

Jan.  28 

13 

6    57    to      7      6 

Feb.    1 

10 

5    52    to      7     16 

Feb.   4 

10.5 

9    33    to    10    52 

Feb.   5 

9.5 

6      5    to      7    17 

2 

8 
10 

6      5    to      7    17 
10      7    to    10    58 

BAROMETER  AND  THERMOMETERS 
A  copy  of  the  barometer  and  temperature  records  follows.     These  are  from  the  regular  records  of 
the  observatory. 


Barometer 

Attached  Theemometee  (F.) 

External  Theemometee  (F.) 

Date 

1900 

9  p.  M. 

1  .4.  M. 

4  a.  m. 

9  p.  M. 

1  a.  m. 

4  A.  M. 

9  p.  M. 

1  a.  m. 

4  A.  M. 

Oct.    2 

29-01 

29?20 

29n5 

71 

73 

73 

&3 

65 

67 

Oct.    3 

29.02 

29.03 

77 

77 

73 

68 

Oct.    4 

28.90 

29.00 

29.02 

75 

76 

77 

66 

68 

67 

Oct.    8 

29.25 

29.28 

29.27 

72 

72 

73 

47 

45 

43 

Oct.    9 

29.. 30 

29.. 30 

29.28 

72 

71 

71 

52 

48 

46 

Oct.  10 

29.19 

29.10 

29.08 

71 

71 

71 

53 

51 

49 

Oct.  11 

29.00 

28.95 

29.08 

73 

73 

72 

53 

52 

52 

Oct.  14 

29.10 

29.10 

29.05 

73 

73 

73 

61 

57 

56 

Oct.  15 

28.93 

29.10 

74 

74 

&3 

59 

Oct.  16 

29.42 

29.. 35 

29.. 35 

71 

72 

71 

.39 

39 

.38 

Oct.  17 

29.10 

29.15 

29.15 

70 

71 

72 

47 

41 

42 

Oct.  18 

29.10 

29.18 

29.17 

70 

75 

75 

49 

47 

47 

Oct.  25 

29.05 

29.12 

29.20 

78 

78 

76 

64 

61 

58 

Oct.  26 

29.22 

29.20 

29.20 

78 

78 

79 

57 

53 

52 

Oct.  27 

29.10 

29.05 

(O 

78 

57 

58 

Oct.  30 

28.92 

28.90 

28.80 

76 

73 

73 

59 

58 

59 

Nov.    1. 

29.15 

29.15 

29.20 

79 

78 

79 

41 

39 

39 

Nov.    2 

29.. 30 

29.:35 

29.22 

78 

76 

78 

50 

45 

43 

Nov.    3 

29.00 

28.97 

28.95 

79 

81 

83 

49 

49 

47 

Nov.    4 

28.98 

29.00 

29.05 

80 

78 

77 

52 

39 

34 

Nov.    5 

29.10 

29.10 

29.15 

78 

78 

76 

42 

36 

35 

Nov.    6 

28.90 

28.90 

69 

76 

30 

28 

Nov.    7 

28.88 

28.90 

68 

71 

29 

25 

Nov.    8 

28.80 

28.80 

28.80 

76 

76 

76 

27 

24 

22 

Nov.  10 

29.18 

29.00 

29.10 

75 

65 

75 

.30 

31 

28 

Nov.  11 

29.10 

29.00 

73 

73 

27 

29 

Nov.  1.3 

28.90 

28.95 

29.00 

76 

77 

77 

19 

141;; 

12 

Nov.  15 

29.40 

29.. 50 

29.50 

78 

78 

78 

14 

12 

14 

Nov.  21 

28.95 

28.80 

75 

78 

28 

30 

Nov.  22 

29.00 

29.15 

29.20 

78 

80 

80 

29 

25 

22 
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MiCROMETRICAL   OBSERVATIONS   OF    ErOS 


BAROMETER  AXD  THERMOMETERS  —  Con ttnued 


B.\ROUETEB 

Attached  Thebhometer  (F.) 

EXTEEKAL  THEKMOHETER  (F.) 

Date 

1900 

9  p.  u. 

1  A.M. 

4  .\.  M. 

9  p.  M. 

1  A.  M. 

4  a.m. 

9  p.  M. 

1  A.  M. 

4  A.  M. 

Nov.  2.3 

29?25 

29?20 

29?20 

80 

80 

80 

29 

30 

31 

Nov.  25 

29.08 

29.05 

29.00 

72 

75 

75 

28 

25 

24 

Nov.  26 

29.00 

28.90 

28.88 

78 

78 

78 

28 

28 

28 

Nov.  27 

28.90 

29.00 

80 

80 

34 

28 

Nov.  29 

29.05 

29.00 

29.66 

70 

72 

72 

27 

28 

29 

Dec.    1 

29.10 

29.00 

29.00 

65 

•64 

68 

30 

32 

29 

Dec.    2 

29.(» 

29.00 

68 

62 

32 

.33 

Dec.    5 

29.18 

29.15 

78 

78 

28 

25 

Dec.    8 

28.90 

29.00 

75 

78 

32 

23 

Dec.    9 

29.40 

29.35 

29.30 

70 

73 

75 

9 

6 

7 

Dec.  10 

29.20 

29.10 

74 

74 

16                 17 

Dec.  11 

29.18 

29.10 

29.00 

77 

78 

78 

12 

11 

12 

Dec.  12. 

28.78 

28.70 

80 

80 

31 

27 

Dec.  17 

29.00 

28.95 

28.80 

68 

69 

70 

31 

:« 

.38 

Dec.  18 

29.05 

29.10 

29.18 

75 

75 

78 

31 

.32 

.30 

Dec.  19 

29.10 

29.10 

29.10 

80 

80 

81 

32 

28 

26 

Dec.  21) 

28.90 

28.80 

28.90 

82 

80 

75 

.33 

.32 

.31 

Dw-   21 

28.45 

28.45 

28.45 

72 

72 

72 

38 

40 

40 

Dec   24 

98.90 

28.90 

28.90 

66 

SJ 

62 

14 

12 

16 

Dec.  26 

29.00 

29.00 

70 

73 

19 

18 

Dec.  28 

29.15 

29.05 

29.00 

75 

lO 

75 

13 

11 

i.3 

Dec.  29 

28.78 

28.70 

75 

78 

22 

21 

Dec.  .TO 

28.75 

28.68 

28.65 

75 

69 

60 

28 

20 

is 

Dec.  .31 

29.20 

29.30 

29.. 32 

75 

75 

76 

—5 

-10 

-11 

Jan.     1.  1901. 

29.40 

29.40 

68 

70 

9 

4 

Jan.    2. 

29.50 

29.50 

29.48 

76 

75 

75 

0 

2 

8 

Jan.    .3. 

29.20 

29.20 

73 

75 

22 

19 

Jan.    8 

29.05 

29.10 

73 

66 

22 

14 

Jan.  12 

29.00 

28.90 

72 

78 

22 

28 

Jan.  11 

28.88 

28.65 

28.65 

72 

75 

75 

30 

.30 

29 

Jan.  16 

28.72 

73 

17 

Jan.  18 

29.08 

75 

12 

Jan.  19 

29.20 

29.66 

72 

TO 

22 

29 

Jan.  20 

28.80 

28.78 

28.70 

70 

72 

75 

42 

.39 

39 

Jan.  21 

29.20 

29.22 

75 

78 

28 

25 

Jan.  22 

29.10 

28.95 

28.90 

78 

78 

78 

27 

27 

28 

Jan.  24 

28.98 

29.00 

lO 

75 

10 

12 

Jan.  2.") 

29.05 

29.00 

29.00 

77 

79 

80 

18 

20 

28 

Jan.  27 

28.60 

65 

16 

Jan.  28 

28.75 

72 

8 

Feb.    1 

28.90 

71    . 

4 

Feb.    4 

29.35 

70 

( 

Feb.    5 

29.35 

29.25 

72 

76 

0 

—5 

EARLIER  MICROMETRICAL  OBSERVATIONS  OF  EROS,  1898-99 
Previous  to  the  preceding  observations  of  Eros,  the  planet  was  measured  with  the  1 
on  twenty-seven  nights  in  1S(»8  and  on  thirteen  nights  in  1900.     These  observations 
printed  and  are  here  published  for  the  first  time. 


iirgc  Icli'scope 
have  not  been 


.?f 

1 

6 

1 

6 

2 

4 

2 

6 

2 

3 

3 

4 

3 

4 

3 

1 

3 

4 

2 

2 

4 

Piirullax  Faclo 


Sept.l0  12''  1"'22« 

12  7  19 

Sept.U     8  18  40 

8  22  47 

8  26  11 
Sept.  12    7  43  41 

7  49  4 

7  53  .39 

Sept.l9    9  22  51 

9  .31  46 
9  43  .59 
9  49  20 

Sept.20    8  18  2{ 


1 

+0"  10r25 

+0    15.62 

-0 

4. .30 

-0 

4.71 

-0 

39.75 

-0 

40.22 

-0' 

lbr5 

-2 

10.4 

-2 

10.3 

+2 

43.9 

-2 

25.4 

-2 

26.0 

20>.  44™ 

26'.  46 

20 

43 

38.55 

20 

42 

45.89 

20 

42 

45.48 

20 

37 

53.52 

20 

.37 

.53.  (J5 

-6" 

20: 

26  .'9 

-6 

20 

.38.0 

-6 

20 

37.9 

-6 

20 

50.2 

-6 

21 

23.9 

-6 

21 

24.5 

+0-294 
-6.694 
-6!ii58 
-6.140 


-6    21     18.3 


+(J.105 
+6'.i.37 


+6r43 

+6 '..58 
+6.59 
+6.56 
+6 '..54 
+6 '..57 
+6.60 


+4'.  .33 
+4;. 32 
+4^31 
+4'..3i 
+4 '.20 
+4.26 


+18  .'2 

+i8;i 


+18.1 

+i8!i 


+17.7 
+i7!7 
+17!  8 
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EARLIER  MICROMETRICAL  OBSERVATIONS  OF  EHOS,  1898-09 ^Continued 


i-u 

d 

E  «:  =  E 

Zi  : 

o 

4 

4 

4 

3 

5 

4 

5 

4 

5 

8 

5 

4 

5 

8 

5 

8 

5 

4 

5 

5 

5 

8 

5 

4 

5 

6 

5 

8 

5 

4 

5 

6 

5 

8 

5 

2 

5 

4 

5 

5 

6 

4 

fi 

5 

6 

8 

6 

3 

6 

5 

6 

5 

6 

4 

7 

4 

7 

5 

7 

4 

8 

5 

8 

1 

9 

4 

9 

4 

10 

5 

10 

5 

11 

5 

n 

5 

11 

4 

12 

4 

12 

4 

12 

8 

13 

8 

18 

8 

14 

4 

14 

5 

14 

4 

15 

4 

15 

5 

15 

8 

If) 

4 

16 

6 

16 

5 

17 

4 

17 

4 

17 

4 

18 

4 

18 

4 

19 

4 

19 

5 

19 

4 

Parallax  Factors 


Red.  to  Apparent 


Sept.20  8'' 
8 

Sept.21  8 
9 

Sept.28  7 
7 
7 
7 

Sept.24  7 
7 
7 

Sept.25  7 
7 
7 

Sept.26  7 
7 
7 
7 

Sept.27  6 
7 

Oct.  10  9 
9 
9 
9 

Oct.  11  7 
7 
7 

Nov.  26  6 


Nov.  27  8 
8 

Dec.  3  6 
6 

Dec.  6  6 
6 

Dec.  10  6 
6 
6 

Dec.  13  7 


Dec.  17  6 
6 

Jan. 18  7 
7 
7 

Jan.  24  6 


Jan.  81  6 
6 
6 

Feb.  1  6 
6 
6 

Feb.  7  6 
7 

Feb.  12  6 
6 
7 


28">  43« 

50  24 

52  1 

1  40 

21  8 
29  8 
.33  37 
.39  .39 

39  48 
43  .37 
46  53 
19  a3 
24  19 
27  47 

22  21 
a3  17 
43  50 
50  ,34 

58  31 

8  9 
29  15 
34  46 

42  12 
48  18 
17  2 
24  58 
80  52 
.30  40 
86  6 

40  31 
13  56 
19  15 

7  32 

12  45 
46  58 
54  22 

0  41 

6  56 

13  28 

9  8 
13  18 
17  82 
10  49 

13  54 
22  .50 
29  24 
,34  52 
52  31 

59  8 
5  9 

43  7 
50  16 

57  23 
43  28 
48  40 
56  22 
54  44 

14  20 
52  42 

58  27 
4  11 


_lm 
-1 

6' 43 
6.86 

+0 

57.49 

+0 

18.52 

+0 

18., 36 

40 

2.78 

::::::::::  i 

-0 

9.46 

::::::::..  i 

-0 

18.86 

-0 

19.00 

-0 

25.10 

-0 

0.86 

-0 

+0 

0.61 
28.62 

+0 
-0 

28.90 
2.21 

-0 

+0 

1.46 
7.93 

-0 

7.52 

+0 

15.74 

-0 

14.29 

-0 

13.25 

+0 

6.21 

+0 

5., 81 

..........  1 

+0 

5. 51 

+0 

10.05 

+0 
-0 

11.42 
15.07 

-0 

+0 

13.45 
0.51 

-0 
-0 

.36. 57 
5.09 

-0 

8.66 

+0' 

11.-8 

+0 

41.9 

+0 

42.1 

+1 

3.1 

+1 
+1 

3.0 

28.4 

+1 
+1 

28.4 
57.8 

+1 

58.4 

+2 

.81.2 

-0 

21.4 

-0 

21.9 

+1 

18.1 

-2 

1.1 

+0 

40.7 

+4 

21.1 

-3 

11.1 

+2 

51.2 

-0 

.36.0 

-0 

.32.3 

-0 

+3 

34.4 
19.1 

+3 

26.1 

_2 

59.6 

+0 

9.4 

+2 
+2 
-4 

1.7 
06.4 
28.8 

-1 

20.3 

201'  37"-  26?  83 
20    .37    26.40 


20 

37 

1.23 

20 

86 

22.25 

20 

.36 

22  09 

20 

.36 

7.. 50 

20 

a5 

54.25 

20 

.35 

44.84 

20 

.35 

44.70 

20 

35 

38.58 

20 

38 

37.97 

20 
20 

,38 
89 

38.22 
7.43 

20 
21 

89 
87 

7.71 
46.86 

21 
21 

37 
39 

47.61 
48 

21 

.50 

54.26 

21 

56 

50.78 

22 

4 

50.3 

22 

19 

34.16 

28 

.35 

30.62 

23 

51 

12.72 

23 

51 

14.12 

0 

13 

0.77 

0 

44 

37.42 

0    44    38.85 


-  6° 

21' 

9:2 

-  6 

20 

39.1 

-  6 

20 

38.9 

-  6 

20 

17.9 

-  6 

-  6 

20 
19 

18.0 
52.6 

-  6 

-  6 

19 
19 

52.6 
23., 3' 

-  6 

19 

22.7 

-  6 

18 

49.9 

-  6 

3 

.31.3 

-  6 

3 

81.8 

-  6 

1 

51.8 

-  2 

22 

4.9 

-  2 

18. 

5 

-  1 

'£i 

43.2 

-  0 

56 

17.5 

-  0 

18.8 

+  0 

,53 
31 

10.9 

.35.7 

+  ^ 

31 

32.7 

+  8 

55 

a5.8 

+10 
+10 

50 
50 

17.3 
21.9 

+13 

29 

55.5 

-0'.006 
+0.086 

+6.646 

-6!  694 

-6.076 
-6.057 


-0.063 
-0.029 


-0.102 

+0'.25i 

+6'.  272 
-H).013 

+6.639 
+0.155 

+6'.i73 
+0.231 

+0.120 

+0.219 

+6'.i5i 

+o'.i72 

+0'.279 

+6'i92 

+o'.,374 

+6.346 

+6 '..355 
-1-0.342 

+o!.358 
-H).343 


+0.385 
-i-0.369 


+0.,382 


+6:62 

+6 '58 

+6^59 

+6 '.,59 

+6^59 
+6., 58 

+6 '.,59 
+6., 59 

+6.60 

+6^58 

+6^48 

+6 '.46 

+6^,57 

+6.12 

+6.16 

+6^07 

+6.62 

+5 '.92 

+5.91 

+5.91 

+5'.  8,3 
+5.41 

+5^44 

+5'.  24 

+5'.  10 


+5.10 
+5.10 
+5.04 


+4.95 


+4'.  19 
+4.19 

+4.18 

+4 '.17 
+4 '.17 
+4^16 

+4^15 

+4^14 

+4'i4 

+4.12 

+.3 '94 

+.8.94 
+8.92 

+.8.92 
+3.50 

+3 '.50 
+3., 50 

+,3 '.,50 

+,3!  47 

+,3!  46 

+3^46 

+,3.47 

+.3 '.48 

+o'..51 

+6 '.5.5 

+6 '..55 
+0.57 

+6' 57 
-1-0.57 

+6^61 
+6.64 
+0.64 


+17  f  7 

+17!  7 

+17:7 

+17:7 

+17^7 
+17.7 

+17^7 
-1-17.6 

+17!  6 

+17' 6 

+i7^8 
+i7!8 

+17^8 

+2i!7 

+21^8 

+22^5 

+22  8 

+22:1 

+2,3!  6 

+23^6 

+24 '6 
+  6.4 

'-\-'kA 
+  '6^6 

+  '6!6 


+  6.6 
+  6.6 


+  5.7 
+  '6^9 


DIRECT  MEASURES  OF  Aa 
As  many  of  the  differences    of  right  ascension  were  measured  direct  with  the   micrometer  and 
afterwards  reduced  to  time,  it  is  thought  best  to  tabulate  the  original  measures  themselves,  and  they 
are  given  below. 
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MiCBOMETBICAL   ObSEBVATIONS   OF    EbOS 


MEASURED  DIFFEEIENCES  OF  RIGHT  ASCENSION 


Sept.  10 
Sept.  11 
Sept.  12 
Sept.  12 
Sept.  19 
Sept.  19 
Sept.  20 
Sept  20 
Sept.  21 
Sept.  23 
Sept.  23 
Sept.  24 
Sept.  25 


12"  7"  19* 

8  22  47 
7  43  41 

7  53  39 

9  31  46 
9  49  20 

8  28  43 

8  50  24 

9  1  40 
7  29  3 
7  .39  .39 
7  43  .37 
7  24  19 


+152 
+225 

-  64 

-  70 
-592 
-599 
-990, 
-997. 
+851. 
+276. 
+273. 
+  41. 
-141. 


Sept.  26. 
Sept.  26. 
Sept.  27. 
Oct.  10. 
Oct.  10. 
Oct.  11. 
Oct.  11. 
Nov.  26. 
Nov.  26. 
Nov.  27. 
Dec.  3. 
Dec.  6. 
Dec.  10. 


7"  SS" 

7  50 

7  8 

9  34 

9  48 

7  17 

7  30 
6  30 
6  40 

8  13 
6  7 
6  46 
6  0 


-281  ri 
-28;i.2 
-374.1 

-  12.9 

-  9.1 
+186.6 
+190.9 

-  a3.1 

-  21.9 
+118.9 
-112.8 
-236.1 
-214.3 


Dec.  10. 
Dec.  13. 
Dec.  17. 
Jan.  18. 
Jan.  24. 
Jan.  24. 
Jan.  31. 
Jan.  31. 
Feb.  1. 
Feb.  7. 
Feb.  12. 
Feb.  12. 


6"  13'"  28' 

7  13  18 

6  10  49 

7  29  24 

6  52  31 

7  5  9 
6  43  7 
6  57  23 

6  43  23 

7  14  20 

6  52  42 

7  4  11 


-198  .'7 
+  93.2 
+  79.7 
+  82.8 
+148.7 
+169.1 
-222.1 
-198.3 
+  7.5 
-536.5 

-  74.2 

-  53.4 


MEAN  PLACES  OF  COMPARISON  STARS  FOR  1898-99 


Star 

B. 

v. 

Declination 

Authority 

1 

20h 

44" 

11*88 

-  6°  20'  26r6 

R.  H.  Tucker,  Lick  Observatory  M.C. 

2 

20 

43 

18.61 

-  6    18    45.7 

R.  H.  Tu.-k.T,  Liik  Observatory  M.C. 

3 

2f) 

42 

45.88 

-  6    23    52.2 

R.  H.  TiickiT,  Lick  Observatory  M.C. 

4 

20 

.38 

49.07 

-  6    19    16.2 

K.  H.  Tucker,  Lick  Observatory  M.C. 

5 

20 

.35 

59.56 

-  6    21    38.7 

R.  II.  Tucker,  Lick  Observatory  M.C. 

6 

20 

.38 

34.89 

-  6      3    27.7 

Schj.  8242 

7 

21 

37 

45.57 

-  2    20    25.5 

li  (Milnchen  I  29286  +  Munchen  II  11916) 

8 

21 

39 

36.7 

-  2    14.5 

Cnriipartd  with  S.D. -2v,j62.3 

9 

21 

50 

58.28 

-  1    28    26.8 

1,,  iCiiH-land  and  Borgen,  Gottingon  Cat.  6a38+6a39| 

10 

21 

56 

31.58 

-  0    53    29.2 

lOm.Coriiparcdwith  'alCopelandand  B0rgen,G0ttingenCat.G0TG+G07 

7+6078 

11 

22 

5 

1.1 

-  0    22.0 

B.D.  -o;4;u(i 

12 

9.7.5m  star 

12m.     Compared  with  tt  Aqitarii 

13 

22 

19 

25. .37 

+  0    .53    21.3 

14 

23 

.35 

24.60 

+  7    28    10.2 

Leipzig  A.(i.C.  11727 

15 

23 

51 

2.12 

+  8    58    28.8 

9.(;m.     Compared  with  Leipzig  A.G.C.  Iia36 

16 

() 

10 

46.0 

+10    35.1 

B.D.  +10^20 

17 

0 

12 

59.69 

+10    48      9.0 

Compared  with  Leipzig  A.G.C,  No.  69 

18 

0 

27 

48  dr 

+12      7.4± 

Approximate  from  ephemeris 

19 

0 

44 

41.87 

+13    .31      8.9 

9.7m.    Compared  with  W.B.  0''754 

MICROMETRICAL  OBSERVATIONS  OF  EROS  IN  1900 


C.I, 

a 

F  = 

op 

o-ri 

Zo 

[_,■'■' 

o 

.^ 

X«b 

2 

43 

.S«b. 

3 

51 

1 

2 

19 

1 

2 

25 

2 

4 

42 

2 

4 

27 

2 

4 

.36 

3 

3 

9 

3 

5 

23 

3 

3 

14 

4 

3 

59 

4 

4 

46 

4 

3 

51 

5 

3 

9 

5 

4 

9 

5 

4 

1 

6 

4 

40 

6 

5 

19 

6 

4 

6 

7 

3 

.34 

7 

5 

50 

7 

21 

8 

4 

.32 

8.5 

4 

Apparent 


Apparent 


Parallax  Factors 


Red.  to  Apparent 


July  .30 

Aug.  1 
Aug.  4 
Aug.  5 
Aug.  6 
Aug.  20 
Aug.  27 
Sept.  3 


14"  6° 

14  13 

14  23 

14  35 

13  20 

13  .31 

13  41 

14  16 
14  25 
14  33 
14  .37 
14  44 

14  51 

15  13 
15  18 
15  23 
15  .36 
15  43 
15  51 

15  .58 

16  2 
16  6 
13  2 
13  10 


+0"    7".  87 

-6  "29!92 
-6'2i!.34 

-6  "6.'i9 

+6'  17.27 
+0  "6!65 

-6  "sigo 


+0- 

8^6 

-1 
-1 

+4 

12.3 
21.6 
59.4 

+5 
+0 

18.3 
38.5 

+0 
+2 

52.7 
51.3 

+3 
+1 

3.1 
5.9 

s 

14.1 
35.4 

t? 

48.9 
0.9 

+1  8.9 
+1  1.0 
-1      0.4 


1"  38™  38'.  8 
i  "4.3  "26 .62 
i   "44   "5.T85 


-0!.312 

+22° 
--22 
--22 

16  .'6 
16.4 
58.5 

-6!356 

+22 
+24 

58.8 
0.1 

-6!  264 

+24 
--24'" 

0.4 
19'  32:5 

-6!227 

+24 

19    44.3 

-6!i63 

+29    .30.6 

-6.042 

+29 

.30.8 

-1-0.040 

+.34    .30    27.9 
+.^    .30    .36.1 


+3  .'64 

+3!  52 
-^3.45 
+3.89 

+.3.72 
+3.29 

+3!i7 
4-3.08 


t 


LOO 

2.a5 


¥ 


2.80 
1.97 


K 


45 
1.60 


+1.61 
+1.90 


+3:41 

+3.47 

+3.56 

+.3.66 

+.3!  67 
+4!i6 
+4.16 
+4 '..32 


+12  .'7 


+12.7 
+12.7 
+12.6 


+12.5 


+12.5 
+12.5 


+12.5 
+12.4 


+12.4 


+12.2 

+12!  6 


+12.0 

+11.7 
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MICROMETRICAL  OBSERVATIONS  OF  EROS  IN  \%QO  —  Cnntinned 


Sept. 
Sept. 


3  13 
13 

4  15 
15 
15 

Sept.  10  13 
13 
13 

Sept.  11  13 
14 
14 

Sept.  13  16 
16 
16 
16 
16 

Sept.  19  12 
12 
12 

Sept.  27  13 
13 
13 
13 
13 


17  2 

22  .37 
16  12 
20  47 

24  49 

7  .30 
15  54 

23  32 
26  7 

8  46 

25  49 
11  5 

30  35 
35  0 
41  48 
46  37 

2  18 

15  a5 

26  5 
6  25 

16  53 

31  24 
37  52 
48  47 


^5 

8.5 

4 

8.5 

4 

9 

4 

9 

4 

9 

3 

10 

4 

10 

5 

10 

5 

n 

4 

11 

6 

11 

4 

12 

5 

12 

4 

13 

5 

14 

5 

13 

5 

15 

6 

15 

6 

15 

6 

16 

4 

16 

8 

17 

4 

17 

5 

17 

5 

-0 

1.66 

-0 

16.97 

-H) 

34.81 

-0 
-0 

+0 

18.  as 

13.. 54 
6.. 37 

-0 

19.20 

-0 

46.19 

+0 

9.76 

-0' 

49:13 
22.9 

+2 

15.0 
13.1 

+2 

29.2 
31.7 

— 0 

,35.2 
.34.1' 

+1 

+r 

+2 

42.51 
9.2 

'32'4 
38.4 

-0 

5.6 

+0    10.8 


2"   24"'    26».54 


2      25    39.64 


2      31    50. 


2      32    49.66 


2  .34  43.05 
2  34  43.17 
2      .34    43.47 


2      .39    14.  a3 
2'"42  "aX6 


+.34°  .30 '47:4 
+:34    54  39.9 


+34    54  47.8 
+37    6    57  1 


+37    7    13.2 


+.38  17    51.3 


+.38  18    34.5 
+40  30    42.1 


+40  31      5.3 
+43  35.8 


Parallax  Factors 


-0.266 


-0.250 


-0.260 


+0.198 
-1-0.205 
+0.220 


-0.330 

-6.i.33 

-6!  082 


+1:15 


+1.15 
+1.32 


+1.19 
+1.10 


+0.80 
+0.78 


+1.00 
+1.21 


4-0.95 
0.00 


-0.12 
-6'.i.5 


Red.  to  .Apparent 


+4!  61 


+4.65 


+4.86 


-H1.94 


+5.02 
+5.02 
+5.02 


+5.30 

+5^64 
+5.64 


+11:7 


+11.7 
+11.6 


+11.6 
+11.4 


+11.4 
+11.5 


+11.5 

+11.7 


+11.7 
+11.9 


+11.9 
+il'9 


MEASURED  DIFFERENCES  OF  RIGHT  ASCENSION 


Date -1900 

90th  Meridian 
Time 

Aa  in  Arc 
Planet-Star 

Date  — 1900 

90th  Meridian 
Time 

Aa  in  Arc 
Planet-Star 

Date— 1900 

90th  Meridian 
Time 

Aa  in  Arc 
Planet-Star 

July  30 

Aug.   1 

Aug.   4 

Aug.   6 

Aug.  20 

14"  13™  43^ 

13  31    42 

14  25      9 

15  18      9 
15    43    40 

+109:2 
-413.0 
-293.2 
+235.3 

+    8.4 

Aug.  27.... 
Sept.    4.... 
Sept.  10. . . . 
Sept.  11 ... . 
Sept.  13.... 

16"      2™  .34^ 

15  20    47 

13  15    54 

14  8    46 

16  .30    35 

-  44-6 

-  20.4 
-205.4 
+414.4 
-219.2 

Sept.  13... 
Sept.  13.... 
Sept.  19 ... . 
Sept.  27.... 

16"  35™     0> 
16    41     48 

12  15    35 

13  37    52 

-159:3 
+  74.9 
-218.9 
+106.0 

MEAN  PLACES  OF  COMPARISON  STARS,  1900.0 


Stars 

R. 

A. 

Declination 

Authority 

1 

1" 

.36"' 

49f'4 

+22°  17  .'6 

B.D.  +22?261 

2 

1 

39 

5.2 

+22    53.3 

B.D.  +22?265 

3 

1 

43 

38.4 

+23    59.3 

B.D.  +23°242 

4 

1 

44 

50.44 

+24    16    28:7 

12m.    Compared  with  Berlin  A.G.C.  .542 

5 

r2..3m  star 

6 

2 

6 

43.1 

+29    29.8 

r2m.    Compared  with  B.D.  29?.373 

7 

2 

11 

48.8 

+.31    56.6 

B.D.  +31°408 

8 

2 

25 

3.88 

+.34    29    15.2 

Leiden  A.G.C.  9.33 

8i.< 

2 

24 

26.21 

+34    .31    24.8 

10.5m.    Compared  with  Leiden  A.G.C.  9.33 

9 

2 

25 

.36.65 

+.34    55    51.1 

llm.     Compared  with  Leiden  A.G.C.  935 

10 

2 

:w 

2.91 

+37      4    32.4 

Lund  A.G.C.  1291 

11 

2 

.32 

9.91 

+37    .31      9.3 

Lund  A.G.C.  1295 

12 

2 

.34 

56.66 

+.38    19    13.7 

10.2m.    Compared  with  14  =  d 

13 

2 

:^4 

51.69 

+.38    20      .5.5 

10.2m.     Compared  with  14  =  c 

14 

2 

■M 

32.08 

+.38    19    .55.3 

10.0m.    Compared  with  Lund  A.G.C.  1273  =  a 

15 

2 

39 

28.74 

+40    29    21.2 

Bonn  A.G.C.  2.351. 

16 

2 

43 

14.2 

+43    33.0 

B.D.  +43.585. 

17 

1  One  of  these  is  Ir  (9.'67)  in  error  —  probably  the  last  c 


113 


38 


MiCKOMETBICAL    OBSERVATIONS    OF    EroS 


MICROMETRICAL  MEASURES  OF  COMPARISON  STARS 
Comparison  Star  for  1S9S,  Nov.  27 
Compared  with  S.D.  2?5623 
13m  star  precedes    0    25?43  (7)  =  l!69 
13m  star  north  5    24 '47  (4) 


Comparison  Star  for  1898,  Dec.  6 

Compared  with  4  (Copehind  &  Borgen,  Gottingen 

Cat.  6076  +  6077+6078) 

10m  star  precedes      0"    9^49  (5) 

10m  star  south  41.  36 '6    (4) 

Comparison  St.^r  for  1898,  Dec.  17 
Compared  with  «■  Aquarii 
■  12m  star  precedes  9  40'71  (4)  =  38!72  (using  an  inter- 
mediate star) 
12m  star  north       1' 46 '19  (4) 

Direct  Aa  by  transit  gave  Aa  =  38!37  (18) 

Comparison  St.\r  for  1899,  Feb.  1 
Compared  with  Leipzig  A.G.C.  69 

12m  star  preceding  2    17  ^07  (4)  =  9f30 

12m  star  north  9'  22 '8    (4)  (using  -several  inter- 

mediate stars) 

Comparison  Star  for  1899,  Feb.  12 
Compared  with  W.B.  0'.'754 
9.7m  star  precedes   1""  13;72  (10) 
9.7m  star  south         1'     0^56(3) 

Comparison  Star  for  1899,  Jan.  24 

Compared  with  Leipzig  A.G.C.  No.  11836 

9.6m  star  precedes    2"'36?90(8) 

9.6m  star  south         0'   50'19  (3) 

Comparison  Star  for  1899,  Jan.  31 
Compared  with  B.D.M.  +  10-23 
9..5m  star  precedes     1"  24!  25  (8) 
9.5m  star  .south  3'    54^06  (3) 


Comparison  Star  for  1900,  Aro.  5 

Compared  with  Berhn  A.G.C.  542 

12m  follows    0"'  36 f  68  (18) 

12m  north       0'   52 -'08  (3) 


Comparison  Star  for  1900,  Ai-o.  20 
Compared  with  B.D.+  29?373 
12m  star  precedes  O"  24^33  (16) 
12m  star  south        2    45^80  (4) 

Comparison  Star  fob  1900,  Sf,pt.  3 

Compared  with  Leiden  A.G.C.  9;33 

10m  star  precedes    O""  37r67  (16) 

10m  star  north  2'     9^65  (4) 

Comparison  Star  for  1900,  Sept.  4 
12m  star  follows  0"'  29^98  (14) 
12m  star  south      1'  27 '56  (4) 

Comparison  Stars  for  1900,  Sept.  13 

Compared  with  Lund  A.G.C.  1273 

Star  a 

a  follows  1273    3'"  49! 83  (6) 

a  north  1'   41^22(2) 

Now  compare  h,  c,  d  with  a : 


b  follows  a 

Qm 

llf76 

b  north  of  a 

1 

2 -'88 

c  follows  a 

0" 

19!  61 

c  north 

0 

10ri7 

d  follows  a 

0" 

24!  58 

d  -south 

0 

30^97 

These  Ao  and  A5  with  respect  to  a  arc  from  the 
following  position  angles  and  distances  : 
a  and  b     65?56  (4)  distance  151  r94  (4  single  dist.) 
6andc    119.53(4)  106.94(4      "         "   ) 

candd   131.53(4)  78.13(4      "  "   ) 

The  star  b  of  the  10.3m  was  not  used  in  the  ob- 
servations of  Eron. 


In  the  observations  of  lUOO,  September  10,  the   planet  was  referred   Id  tlic  Lnnd  star  llii-ough  a 

10. om  star. 

10.5m  star  precedes  A.G.C.  1291  by  208 -'00  (6  obs.)  =  0'"  17:38 
10.5m  north  A.G.C.  1291  by  0   54-10  (5  obs.) 

Place  of  10.5m  star;  1900.0  2"  .SI"  45:54  +  37^  5'  26'2 

In  the  first  two  measures  of  1000,  July  30,  the  planet  was  referred  to  an  unknown  nebula. 

I  wish  to  express  my  thanks  to  Professor  R.  H.  Tucker,  of  the  Lick  Ol)servntory,  for  special 
observations  of  some  of  the  comparison  stars.  I  am  also  very  greatly  obliged  to  Professor  William  H. 
Hussey,  of  the  Lick  Observatory,  for  supplying  me  with  star  places  from  the  various  star  catalogues 
in  the  library  of  the  Lick  Obsers'atory  not  availaVile  here,  and  also  for  a  niaiuiscript  copy  of  his 
accurate  ephemeris  of  Eros  for  the  identification  of  comparison  stars. 

I  am  also  indebted  to  Professor  S.  J.  Brown,  of  the  U.  S.  Naval  Observatory,  for  catalogue 
places  of  some  of  the  stars. 
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ESTIMATIONS  OF  THE  BRIGHTNESS  OF  EROS 

The  remarkable  variations  in  the  light  of  Eros  which  are  shown  to  have  occurred  during  the 
apparition  of  I'JOO-lUOl  have  added  a  much  greater  interest  to  the  planet.  The  cause  of  these  light 
changes  is  yet  a  mystery,  though  several  more  or  less  plausible  explanations  have  been  brought  for- 
ward. During  the  observations  made  here  this  peculiarity  was  not  known,  having  developed  later  on. 
No  special  observations  were  therefore  made  of  its  brightness.  I  find,  however,  in  going  over  the 
measures  with  the  40-inch,  that  Eros  was  carefully  compared  in  brightness  with  various  stars  near  it, 
not  only  in  the  measures  of  1900,  but  also  in  1898  within  a  short  time  of  the  discovery  of  the  planet. 
These  stars  can  readily  be  identiiied  in  the  sky  and  their  magnitudes  determined,  from  which  an 
accurate  value  can  be  had  of  the  light  of  Eros  on  some  eight  or  nine  nights  in  1898  and  on  over 
thirty  nights  in  1900.  Since,  in  the  great  majority  of  cases,  the  brightness  of  Eros  differed  only  a 
fraction  of  a  magnitude  from  that  of  the  star,  the  comparisons  will  be  very  accurate  and  should  be 
very  important  in  connection  with  the  singular  variation  of  the  light  of  the  planet. 

That  these  observations  may  be  made  available,  I  have  collected  them  here  with  all  the  data 
required  for  the  identification  of  the  comparison  stars  when  used  with  an  accurate  ephemeris  of  Eros. 

The  stars  referred  to  are  those  used  at  the  time  of  observation  for  the  position  of  the  planet,  if 
not  otherwise  stated. 

The  times  herein  contained  are  90th  meridian  time,  which  is  G"^  0"'  0^  slow  of  Greenwich  mean 
time. 

1898 

September  11:  At  8^  11""  15s  Eros  was  I'll  north  of  a  small  star.  A  few  seconds  before  this  it  had  passed 
within  about  0'6  of  the  star  —  the  two  appearing  for  a  few  moments  as  a  beautiful  double  star.  Eros  was  0.2m 
less  than  the  star. 

On  Septeml)er  12  the  position  of  this  star  was  measured  with  reference  to  the  comparison  star  of  September 
11.     Aa  1    1'15  (6)  A6  2    11'55  (3)  south  following  the  comparison  star  of  September  11. 

September  20,  9'^  0":  Eros  estimated  at  11.8m.  There  are  two  stars,  one  south  following  Eros  2|',  the  other 
north  following  3'.     These  are  of  about  equal  magnitude.    Eros  is  0.1m  less  than  either  star. 

September  21:  At  9^  1™  10=*  Eros  followed  an  11m  star  by  IT'Oo  (1)  and  was  i'  ±  north  of  the  star.  The 
planet  was  0.5m  less  than  this  star.  A  similar  star  was  about  | '  north  preceding  Eros.  Eros  was  also  0.5m 
less  than  this  star. 

September  21:  At  1^  10™  Eros  is  0.2m  less  than  a  small  star  that  is  close  south  following  the  7.7m  com- 
parison star.    The  estimated  magnitude  of  Eros  was  11.5m. 

September  26,  8l>llni:  Eros  is  7"  or  8"  south  of  a  small  double  star  [P.A.  271?5  (1)  distance  3'75  (1)]. 
1'  .south  of  these  is  a  small  star  exactly  the  same  magnitude  as  Eros.  There  are  two  somewhat  brighter  stars  2' 
or  more  south  of  this  star. 

October  11:  At  7'^  25™  Eros  is  12*8  south  of  a  small  star  and  follows  it  IJ'  ±.  Eros  is  0.1m  brighter  than 
this  star. 

December  10,  Glinni:  2J  preceding  Eros  is  a  small  star.  The  planet  is  exactly  the  same  magnitude  as 
this  star, 

1899 

January  31,7'>0™:  Estimated  magnitude  =  11.  It  is  bright  and  easy.  There  are  two  stars  3'  or  1' 
preceding.     It  is  brighter  than  either  of  these  stars. 

February  12,  7''  10'" :  2i '  following  the  comparison  star  are  two  small  stars.  Eros  is  exactly  the  same 
brightness  as  the.se. 

liKX) 

August  4,  llh  35'":   Eros  about  12.2m. 

August  6,  15t'  18™  :  Eros  0.1m  brighter  than  the  comparison  star.     The  planet  is  estimated  to  be  12m. 

August  7,  13''  50"" :  Estimated  at  12.2m.  There  is  a  star  of  the  same  brightness  as  the  planet  preceding  4 ' 
and  1+    north. 

August  20,  1.5''55'°:  There  are  two  stars  marked  12.1in  1'  and  2'  south  preceding  the  planet.  Eros  is 
0.1m  brighter  than  these. 

August  27,  16''  lO"":  There  is  an  11.5m  star  H  following  the  comparison  star  which  is  exactly  the  same 
brightness  as  Eros. 
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Estimated  magnitude,   11.5m.     Eros  is  0.5m  or  0.7m  less  thau  the  10.5m  corn- 


Estimated  magnitude,  11m.     Small  comparison  star  estimated  at  10.5m 
Estimated  at  10.7m.    The  estimations  for  the  stare  near  were  a  =  10m,  b  =  10.2m, 

There  is  an  11m  star  2'  preceding  and  i' ±z  north,  exactly  the  same  magnitude 

Eros  and  the  10.5m  comparison  star  are  of  the  same  brightness  —  possiljly  Eros  is 


September  3,  13^  25" 
parison  star. 

September  10,  IS^  20- 

Septemlx>r  13,  l&^  25 
c  -  10m,  d  =  10m. 

September  19,  12>>  30' 
as  Eros. 

September  27, 13h  50" 
very  slightly  the  brighter. 

Octolx^r  2,  SI"  40">:     Eros  0.5m  brighter  than  star  1. 

Octoljer  4,  12^  25m:    Estimated  at  10m.     It  is  0.3m  brighter  thau  the  comparison  star. 

Octoljer  9,  S*"  5":     Estimated  at  10m.     Star  1  is  12.2m;  star  2  is  12m;  star  3  is  12.5m.     Same  date,  16^  20"": 
Eros  0.7m  less  than  star  1.     Same  date,  16l»  40ni:    A  little  less  than  star  1,  ix-rhaps  0.5m. 

October  25,  IS^"  2™:     Eros  still  easily  visible  on  the  bright  sky.    The  comparison  stars  have  all  faded  out. 

November  1,  17''  50™:    Estimated  at  9.8m.     It  is  exactly  the  same  brightness  as  star  1  and  0.2m  brighter 
than  star  2. 

November  2, 12''  50"" 

November  11,  61^  SO"" 
than  the  comparison  star. 

Novemlx-r  13,  18l>  10' 

Novemlier  22,  ^  50- 
easier  than  star  2. 

Novemlier  23,  lOh  O-" 

Noveml)er  25,  18''  O"" 

December  5,  Oh  30'n: 
the  comparison  star. 

December  8,  7''10°': 


It  is  from  0.1m  to  0.2m  brighter  thau  star  2  and  0.3m  brighter  thau  star  1. 
It  is  0.2m  brighter  than  the  comparison  star.    Same  date,  8''  20"':   It  is  0.3m  brighter 
The  comparison  star  estimated  at  9.7m. 
':     It  is  0.2m  brighter  than  star  2. 
:     It  is  0.25m  brighter  than  star  2  and  about  0.7m  brighter  thau  star  1.     It  is  much 

It  is  05.m  ±  brighter  than  the  comparison  star. 
It  is  0.5m  brighter  than  either  star  3  or  star  4,  whicli  are  equal. 
It  is  0.5m  or  0.7m  brighter  thau  star  1.     Same  date,  14''  0"":     It  is  0.5m  Ijrighter  thau 

Same  date,  II''  20"!:    It  is  from 


It  is  nearly  Im  brighter  thau  the  comparison  star. 
0.5m  to  0.7m  brighter  than  the  comparison  star. 

Decemlxjr  12,  6''  0-":     It  is  Im  brighter  than  star  2.     It  is  0.7m  or  0.8m  less  than  star  1. 

Decemter  IS,  12''  52'n:     It  is  0.3m  brighter  thau  the  comparisou  star.    The  star  estimated  at  8.8m. 

Decemlx-r  29,  5''  40"" :     It  is  the  same  magnitude  as  the  comparisou  star. 

December  31,  6''  50n':     It  is  the  same  brightness  as  the  comparison  star  — possibly  very  slightly  brighter. 

1901 

January  14,  10''  25'":     It  is  from  0.5m  to  0.7m  brighter  thau  the  comparisou  star. 

January  19,  6''  lO-":     It  is  0.7m  brighter  thau  star  1. 

Janiuiry  21,  10''  JiO"":  It  is  less  than  the  comparison  star.  Same  date,  1  P'  ()"':  It  is  from  0.1m  to  0.2m  less 
than  the  comparison  star,  and  is  sliglitly  yellowish. 

January  24,  6''  lO"":  It  is  Im  less  than  the  comparison  star.  Same  date,  9''  50"':  It  is  0.5m  brighter  thau 
the  comparison  star. 

January  25,  7''  lO"":     It  is  0.1m  brighter  than  star  1. 

February  5,  10''  50'":     It  is  0.2m  brighter  than  tin-  comparison  star,  which  is  about  lOni. 
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ON   CERTAIN   RIGOROUS    METHODS   OF  TREATING  PROBLEMS   IN 

CELESTIAL    MECHANICS 

F.    R.    MOTLTON 

§  1.     IXTRODUCTION 

Mathematical  science  was  not  sufficiently  developed  to  enable  the  founders  of  celestial 
mechanics  to  prove  in  many  cases  the  validity  of  the  methods  which  they  found  it  necessary  to 
employ.  Doubtless,  too,  mathematicians  of  a  century  and  more  ago  did  not  realize  so  keenly  as  they 
do  at  present  the  necessity  of  relying  only  upon  those  processes  which  have  been  proved  to  be 
legitimate.  In  both  ptire  mathematics  and  astronomy  many  conclusions  were  drawn  which  have  since 
been  shown  to  be  erroneous  or  which  still  lack  proof.  Celestial  mechanics  has  been  filled  with  series, 
comparatively  few  of  which  have  been  proved  to  be  convergent.  It  may  be  said  by  way  of  excuse, 
however,  that  the  problems  which  astronomers  have  been  called  upon  to  solve  have  been  almost 
invariably  of  great  diificulty,  and  their  powers  have  been  sufficiently  taxed  to  obtain  formal  solutions 
which  would  agree  with  observations. 

The  critical  attitude  respecting  the  convergence  of  series  may  safely  be  said  to  date  from  the 
researches  of  Abel  on  the  hypergeometric  series  in  1826,  and  to  have  received  its  greatest  early 
impulse  from  the  researches  of  Cauchy  in  the  theory  of  functions  of  complex  variables.  The  latter 
half  of  the  nineteenth  century  witnessed  a  complete  re -examination  of  the  fomidations  of  analysis, 
the  correction  of  numerous  errors,  and  the  introduction  of  an  entirely  new  spirit  of  rigor. 

It  is  worthy  of  remark  that  many  mathematical  processes,  especially  those  used  in  integrating 
total  differential  equations,  have  had  their  origin  in  attempts  to  solve  astronomical  problems.  After 
having  been  started  they  have  been  developed  in  the  realm  of  pure  mathematics  far  beyond  their 
astronomical  applications;  and,  with  the  exception  of  the  epoch-making  researches  of  Poincare 
(1892-98),  the  improvements  in  the  methods  of  celestial  mechanics  and  the  standard  of  rigor  main- 
tained have  in  no  way  kept  pace  with  these  developments.  The  question  is  pertinent  whether  those 
interested  in  celestial  mechanics  should  not  henceforth  adhere  more  nearly,  if  not  entirely,  to  methods 
which  are  known  to  be  rigorous. 

In  this  paper  it  is  proposed  to  show  how  some  of  the  important  problems  of  celestial  mechanics 
may  be  treated  by  processes  which  are  proved  to  be  valid  at  least  within  prescribed  limits.  These 
problems  will  depend  upon  the  integration  of  total  differential  equations  in  series,  and  the  central 
question  will  relate  to  the  convergency  of  the  series.  It  will  be  shown  how  certain  of  the  standard 
methods  are  valid  for  not  too  great  values  of  the  time,  and  how  other  problems  can  be  solved.  It 
will  be  shown  that,  if  the  initial  conditions  are  known,  it  is  possible  to  construct  series  which  will 
represent  the  co-ordinates  of  the  moon  with  any  desired  degree  of  accuracy  for  any  desired 
length  of  time,  provided  it  does  not  go  outside  of  an  arbitrary  anchor  ring  inclosing  its  present 
orbit,  and  that  the  number  of  terms  which  will  be  sufficient  can  be  determined  in  advance; 
it  will  be  shown  that  the  usual  method  of  computing  absolute  pertnrbations  has  a  certain  realm  of 
validity,  and  that  the  terms  of  different  orders  have  simple  physical  interpretations;  it  will  be  shown 
how  the  secular  terms  of  the  first  order  can  be  avoided  in  the  mutual  perturbations  of  the  planets, 
giving  results  in  some  respects  similar  to  those  obtaiued  by  the  methods  of  Lagrange,  but  in  others 
essentially  different ;  and  it  will  be  shown  that  the  higher  terms  in  HilFs  celebrated  lunar  theory  car- 
be  defined  in  such  a  manner  that  the  theory  as  a  whole  has  a  positive  realm  of  validity. 
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§2.    POWER  SERIES  IX  THE  TIME' 

The  first  and  simplest  method  of  iutegratiug  differential  eqiiations  of  the  type  occurring  in  con- 
sidering the  motions  of  the  planets  and  satellites  is  to  develop  the  solutions  as  power  series  in  the 
independent  variable.  The  usefulness  of  this  method  in  astronomical  problems  is  quite  limited 
because  of  the  small  value  of  the  time  for  which  the  series  converge.  As  this  is  the  best-known 
method  of  integrating  differential  eqiiations,  a  mere  outline  of  the  steps  and  the  proof  of  their  validity 
will  be  sufficient. 

The  differential  equations  of  motion  of  /.•  mutually  attracting  spheres  may  be  written  ui  the  form 

—'=  Xi{x,,  ■  ■   ■   ,  Xj)  (1=1,  .  ■  .  ,  n)  ,     (r.=6fr)    ,  (1) 

where  the  X^  are  all  analytic  functions  of  a-, ,  •  ■  •  ,  ir„  and  /.  If  the  bodies  are  not  si)hcres,  but  of 
some  known  form,  as  oblate  spheroids,  the  number  of  differential  equations  is  doubled  for  a  given 
number  of  bodies.  If  the  bodies  are  spheres,  and  if  the  a*,-  are  the  rectangular  co-ordinates  and  the 
components  of  velocity,  the  right  members  of  (1)  will  not  involve  the  time  explicitlj'.     There  is  no  loss 

in  generality  in  supposing  that  at  the  origin  of  time  <  =:  0,  a;,  =  0  (i=i »■) ;  for,  if  it  were  not  so,  a 

convenient  transformation  of  variables  would  secure  these  conditions.  In  all  astronomical  problems 
the  Xi  are  all  regular  for  a;,.  =  0  («-i.  ■••.«),  t  ^0. 

To  find  the  solutions,  suppose  the  -X",.  are  developed  as  power  series  in  j-,,  •  •  •  ,  a*,.,  /  as 

^ = 2)  «<5. -.^■'  ^■'  ^^'  •  ■  •  •'■"" ''  '•=i'  ■■•■">'  (2) 

J, Jn,k=0 

expansions  which,  under  the  conditions  stated,  converge  for  sufficiently  .small  .r,,  •  •  •  ,  x„  and  t.  The 
solutions  are  to  have  the  form  ^ 

a;,  =  ^^  c}"  t'  (t=i,  •  ■  ■  ,n)  . 


(3) 


If  equations  (3)  are  substituted  in  (2)  and  the  coefficients  of  corresponding  powers  of  /  equated  in  the 
two  members,  it  will  be  found  that  all  of  the  cj"  can  be  determined  uni([U('ly  in  llie  order  of  increasing 
values  of  _/. 

It    only    remains    to    prove    that    the    series  (3)  have  positive   radii    of    convergency.     This    is 
done  by  using  a  comparison  system  of  differential  equations 

^'=i^(y,,--,//„,0  (.=i,.,«),  (1') 

where  the  Y^  fulfil  all  the  conditions  imposed  upon  the  A'^,  and  the  additional  on(>H  that  every 
coefficient  of  their  expansions  shall  be  real  and  positive  and  greater  than  the  modulus  of  the 
corresponding  coefficient  in  the  expansions  of  the  X,.     Suppose  further  that  the  solutions  of  (!')  are 


yi=^bl'>V  (i=i,...,n),  (3') 


where  the  coefficients  6J'*  are  determined  as  the  c\"  were.  It  is  easily  shown,  then,  that  every  fej"  is 
real  and  positive  and  greater  than  the  modulus  of  the  corresponding  cj" .  Consequently,  (3)  converge 
for  at  least  as  large  values  of  /  as  (3'j  do. 

All  of  the  conditions  imposed  ufjon  (I'j  can  be  fulfilled  by  etjuatious  of  the  form' 

dy,  C 


dt       [l-aiy,+  ..  .  +y„)\[l-pt] 


(V) 


I  Tho  first  proof  of  tho  coDTarctonce  of  the  fl«rios  obtained  by  tliia  '  Sco  Jobdas,  Couri  tl'<inali/K,  Vol.  I,  i).  197, 

method  was  (riTcn  by  Cal'CUT  in  the  CompU$  rerutuM  .Inlv,  Ihi;?:  ful. 
leeUd  WorkM,  1st  series.  Vol.  VII. 
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where  ( ',  a,  /3  are  real  positive  constants.      Integrating  these  equations,  determining  the  constants  of 
integration  by  the  condition  that  y^  =  0  for  /  =  0  and  solving  for  y.,  it  is  found  that 


2/.  =  l-^/l  +  ^log(l-/30.  (3') 

It  follows  from  this  equation  that  the  y^  can  be  expanded  in  converging  power  series  in  t  if 

"  (4) 


m<^(i-«---)> 


inequalities  which  can  always  be  fulfilled  by  finite  values  of  t  for  finite  values  of  a.  /3,  and  C.     Con- 
sequently the  series  (3)  converge  for  sufficiently  small  values  of  the  time. 

A  defect  of  the  method  just  outlined  is  that  it  does  not  give  the  true  radius  of  convergence  of 
the  series.  Picard  has  shown/  indeed,  that  the  limit  imposed  on  t  by  the  inequalities  (4)  is  always 
smaller  than  the  true  radius  of  convergence. 

§3.    APPLICATION  OP  MITTAG-LEFFLER'S  GENERALIZED  POWER  SERIES 

As  has  been  remarked,  the  series  (3)  in  most  practical  problems  converge  for  only  a  short  interval 
of  time.  Since  the  singularities  of  the  right  members  of  (1)  are  isolated,  the  singularities  of  (3)  are 
also  isolated ;  hence  equations  (3)  define  the  values  of  the  Xi  for  all  values  of  t  by  the  Weierstrassian 
continuation  of  power  series.  But  to  continue  power  series  by  the  method  of  Weierstrass,  it  is  neces- 
sary to  know  the  location  of  the  singularities,  the  very  thing  that  is  unknown  when  the  series  is 
defined  by  non-linear  differential  equations.  In  addition  to  this,  the  work  of  actually  continuing 
power  series  is  so  great  as  seriously  to  impair  the  value  of  the  methotl  even  when  the  positions  of  the 
singular  points  are  known. 

Part  of  these  difficulties  have  been  overcome  by  Mittag-LefBer  *  in  his  researches  on  methods  of 
representing  analytic  functions  in  extended  regions  of  the  complex  plane  by  generalizations  of  power 
series. 

For  simplicity  let  any  of  equations  (3)  be  written  in  the  form 


-t 


a,t'  ,  (5) 


where  now  /  is  a  complex  variable.  Suppose  this  series  converges  so  long  as  | i|  <  /„.  Mittag-Leffler 
has  shown  in  Joe.  cit.  how  to  construct  a  series  of  series  out  of  /  and  the  coefiicients  a^  associated  with 
the  point  /  =  0  which  shall  be  uniformly  convergent  in  a  widely  extended  region  which  he  called 
a  star. 

There  is  a  star  .4„  associated  with  the  coefiicients  o,.  for  every  positive  integer  u,  which  is  defined 
as  follows*:  With  ^  =  0  as  the  origin  draw  any  vector.  The  positive  quantity  r  may  be  chosen  so 
small  that  if  the  length  of  the  vector  is  taken  as  {n—1)  r,  then  every  circle  whose  radius  is  r  and 
whose  center  is  on  the  vector  will  contain  none  but  regular  points  in  its  interior  or  on  its  boundary. 
Let  p  be  the  upper  limit  of  the  values  of  r  for  which  these  conditions  are  fulfilled.  If  the  length  up 
is  taken  on  the  vector,  and  if  the  vector  makes  a  complete  revolution,  the  value  of  p  for  each  position 
being  taken,  the  star  A^  will  be  generated.  Evidently  the  star  A^  is  the  true  circle  of  convergence  of 
the  series  (5),  and  every  star  A,^  includes  the  star  J-„_,.  From  the  series  of  series  a  series  of 
polynomials  depending  upon  the  «,.  and  n  may  be  constructed  in  an  infinity  of  ways  which  will 
represent  the  function  uniformly  in  A,^  with  an  error  less  than  an  arbitrary  e  given  in  advance." 

^Bulletin  des  sciences  mathimatiques,  1888,  p.  148.  » Ibid.,  Vol.  XXIII,  p.  47. 

*Acta  Mathematical  Vol.  XXIII,  p.  43,  and  Vol.  XXIV,  pp.  183,  205.  '■Ibid.,  p.  62. 
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The  diflScTilty  in  applying  this  theorem  is  that  there  is  no  way  of  determining  whether  a  given 
point  belongs  to  any  star  ^4„  or  not.  When  the  series  (5)  is  defined  by  differential  equations,  this 
part  of  the  question  becomes  considerably  simplified.  Suppose  (5)  has  been  defined  by  the  differ- 
ential equations  which  the  motion  of  the  moon  must  fulfil.  Then  it  will  bo  known  to  converge 
if  |/|  <  /o>  the  value  of  /„  depending  on  the  initial  values  of  the  co-ordinates.  Sui>pose  that  during 
the  whole  interval  of  time  0  ^  /  ^  T  the  moon  is  contained  within  an  anchor  ring  with  the  earth  as 
center.  For  every  point  in  this  anchor  ring  as  an  initial  point  there  is  a  corresponding  /„.  Let  the 
least  value  of  these  numbers  /„be  p.  Now.  if  the  initial  conditions  are  known,  it  is  possible  to  construct 
a  Mittag-Leffler  series  of  polynomials  having  a  number  of  terms  which  can  be  determined  in  advance, 
which  will  give  the  value  of  x  with  an  error  less  than   an   arbitrary  e  for  the  whole  interval  of  time 

In  order  to  apply  Mittag-Lefflere's  process  the  point  f  ^  T  must  belong  to  the  star  ^-l,,,  where  the 
number  n  is  to  be  determined.  From  the  definition  of  the  star  it  is  seen  that  it  sufiices  to  take  n  so 
that  lip  s  T.  Then  the  series  of  |X)lynomials  may  be  set  up,  the  j)olynomials  depending  on  both  n 
and  the  required  accuracy  e.  With  this  series  of  polynomials  an  ephemeris  may  be  computed,  and 
if  the  moon  does  not  pass  out  of  the  anchor  ring  which  was  used  in  defining  p,  and  through  it  n,  the 
final  results  will  be  in  error  less  than  e.  If  the  moon  should  pass  out  of  the  anchor  ring  as  given  by 
the  ephemeris,  the  results  will  be  in  error  less  than  e  up  to  the  time  it  crosses  the  ring.  At  this  point 
a  new  ring  could  be  taken.  In  this  manner  it  is  possible  to  construct  a  theoretically  perfect  lunar 
theory.' 

§4.    THE  METHOD  OF  THE  VARIATION  OF   PARAMETERS 

The  method  of  variation  of  parameters,  which  was  partially  dcncloped  by  Filler  in  his  memoirs 
on  the  lunar  theory,  and  which  was  finished  by  Lagrange  in  his  work  on  the  mutual  pi>rturbations  of 
the  planets,  has  been  one  of  very  great  usefulness  in  astronomy.  Owing  to  the  immense  details  con- 
nected with  its  applications  and  to  the  fact  that  because  of  the  small  masses  of  the  planets  only  one 
step  of  any  jxissible  number  of  steps  is  required,  much  confusion  has  arisen  regarding  the  mathematical 
features  of  the  process.  For  example,  it  is  frequently  supposed  that  each  step  is  only  a  process  of 
approximation. 

Consider  equations  (1)  and  suppose  their  right  members  are  series  of  any  sort,  except  that,  if  they 
are  infinite,  they  converge  at  least  in  the  vicinity  of  the  initial  values  of  the  *■,-  and  t.  Then  (1)  may 
be  written 

^  =  Xl"  +  Xi"  +  xr  +  .  .  .  (i=l n)  .  (6) 

Now  consider  the  differential  etjuations 

1^  =  ^''  "=' "''  (^) 

where  the  Jf{"  are  any  terms  of  the  right  members  of  (6).  In  [iractico  tlie  A'j'  arc  gcnrrally  tlie 
largest  terms,  but  this  is  not  in  the  least  essential  to  the  method.  h»u[)po.se  tlie  solutions  of  (7)  can 
be  exactly  found,  at  least  for  sufficiently  small  values  of  f,  and  that  they  are 

•»•/-/;"(.'/,.  ■■■.//,..  0  (,;=!....,«)  .  (8) 

where  y,,  •  •  •  ,  ?J„  are  the  constants  of  integration.  Suppose  these  equations  arc  \ali(l  if  0  ^  /  <  T", 
where  T  may  be  infinite. 

Since  equations  (8)  are  the  solutions  of  (7)  if  IIk  y  arc  substitulcd  in  (7),  these  expressions  reduce 
to  identities  in  y, ,  •  •  •  ,  ij„  and  /  for  all  values  of  /  less  tlian  7'. 

'Compare  the  note  by  Paiolcv^  iu  Comjilai  rciulxu,  Juno  19,  18'Jft;  .sii!  ul.io  note  by  Picard,  ihiil.,  Juno  5,  1898. 
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Now  regard  equations  (8)  as  equations  of  frausformation  expressing  tlie   h  old  variables  ,i\  in 
terms  of  n  new  variables  ?/,.     The  transformation  is  made  by  substituting  (8)  directly  in  (ti).  whence 

Since  equations  (8)  are  the  solutions  of  (7).  it  follows  from  the  di'tinition  of  solutions  that 


dt 
aud  equations  (9)  become 


A';"  (u,,  ■  ■  ■  ,  y„,  0     ('=1 "'      iu  </i.  ■  •  •  .  i/u  and  t  , 


V|^'^=AT'(i/,,  ■  ■  ■,y.„t)+-  ■  ■  a=i '.)  .  (10) 

This  vanishing  of  the  first  terms  in  the  right  members,  which  in  practice  are  much  larger  than  the 
succeeding  ones,  constitutes  the  essential  mathematical  difference  between  the  method  of  the  variation 
of  parameters  and  an  ordinary  transformation  of  variables. 

Equations  (10)  are  linear  in  the  derivatives  ^  and  may  be  solved  for  them,  giving 

^==y;"  +  rf' +...  <;=!,...,«),  (11) 

dt 

where  the  right  members  are  written  as  series  constructed  according  to  any  desired  plan.  Equations 
(11)  are  valid  for  all  values  of  t  less  than  T  if  the  determinant  of  the  left  members  of  (10),  which  is 
the  Jacobian  of  (8),  does  not  vanish  in  this  interval.  The  Jacobiau  does  not  vanish  identically,  for 
equations  (8)  are  independent,  being  the  solutions  of  equations  (7),  which  are  by  hypothesis  inde- 
pendent. It  may  become  zero,  however,  for  special  values  oi  y^,  ■  •  •  ,ij^  aud  t.  But  if  equations  (6) 
are  in  the  canonical  form,  as  they  can  always  be  written,  in  considering  the  motions  of  the  planets  as 
well  as  in  much  more  general  problems,  and  if  the  canonical  constants  are  used,  the  determinant  is 
imity  and  never  vanishes. 

In  considering  the  per'.urbations  of  the  jjlanets  the  canonical  elements  are  not  generally  used. 
When  they  are  not,  the  determinant  will  vanish  if  the  a-,,  take  such  values  that  the  solutions  of  equa- 
tions (8)  for  the  ?/,.  give  ambiguous  or  infinite  results.  When  the  ordinary  elements  a,  e,  i,  O,  c5,  and 
e  are  used,  Z  becomes  indeterminate  for  e  =  0,  il  for  /  =  0,  and  o  becomes  infinite  for  e  —  1;  for  these 
values  of  e  and  i  the  determinant  of  (10)  vanishes.  This  is  one  of  the  reasons  why  Lagrange  trans- 
formed from  e  and  55  to  h  and  I,  and  from  i  and  fl  to  p  and  q  in  treating  the  secular  terms. 

After  equations  (11)  have  been  found,  the  problem  of  integrating  them  arises,  and  is  in  general 
no  less  difficult  than  was  the  integration  of  (fi).  Equations  (11)  have  the  same  form  as  (6)  and  may 
be  treated  in  the  same  way,  giving,  after  completing  the  reductions, 

±^i  ^  Z;ii  +  z;.='  +  .  .  •  (.1=1 n)  .  (12) 

dt  ' 

This  process  may  be  continued  indefinitely  if  the  first  terms  in  the  right  members  are  selected  so  that 
when  the  others  are  neglected  the  rigorous  integration  can  be  performed.  Under  these  conditions  it 
is  perfectly  valid  for  any  finite  number  of  repetitions,  the  question  whether  it  converges  when  repeated 
indefinitely  remaining  unanswered.  To  treat  this  question  it  would  be  necessary  to  define  in  some 
way  the  law  of  procedure. 

The  method  of  variation  of  parameters  finds  its  complete  exemplification  only  in  Delaunay's  lunar 
theory  where  it  is  consistently  followed  out.  In  the  theories  of  the  perturbations  of  the  planets  it  is 
the  first  step,  after  which  the  method  is  changed. 
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§5.    POWER  SERIES  IN  PARAMETERS 

The  power  series  in  the  time  given  in  §  2  are  not  convenient  in  most  problems  becaust'  of  their 
small  realm  of  convergence.  Nevertheless,  it  is  possible  to  construct  from  tliciu.  as  shown  in  i^  3, 
series  of  polynomials  which  have  a  wider  realm  of  convergence.  If,  instead  of  using  polynomials, 
more  general  functions  are  employed,  the  practical  usefulness  of  the  series  can  be  greatly  increased. 
The  most  satisfactory  method  which  has  been  so  far  devised  is  to  expand  the  solutions  as  power  series 
in  the  parameters  which  occur  in  the  differential  equations.'  If  no  natural  parameters  occur,  it  is 
sometimes  possible  to  introduce  them  artificially  so  as  to  attain  much  the  same  results. 

Suppose  the  differential  equations  to  be  integrated  are 

^  =  X,(a-,,  .  ■  •  ,a-„,a,/3,0  (j=i,.  ..,«),  (13) 

where  a  and  /?  are  parameters.     Suppose  the  initial  values  of  .r, ,  ■  •  ■  ,  .r„  are  rf,,  •  •  •  ,  a„  respectively. 
Supjiose  the  X,  are  all  expansible  in  converging  power  series  in  a  in  the  vicinity  of  ./-^  =^  a^  for  all 
values  of  i  such  that  0  ^  /  <  /„  •     Suppose  the  coefficients  of  the  various  powers  of  a  are  all  expansible 
as  converging  power  series  in  a-,,  •  •  •  ,  a-,,  in  the  vicinity  of  x^  =  (ij  for  all  0  ^  /  <  /„. 
It  is  proposed  to  find  solutions  having  the  form 


a-,-: 


3C 

r"^  X^'^aJ  (i=l,  •      •  ,n)    ,  (14) 


where  the  x'/'  are  fimctions  of  the  time  to  be  determined.  In  determining  the  ;»•)•"  there  ari'  two 
cases,  depending  on  whether  the  X,  all  vanish  with  a  ^  0  or  not. 

1.   Case  in  ichich  the  X,  hai-e  a  factor  a.  —  In  order  fo  keep  this  fact  jn-ominent,  let  (1:5)  be 
written  in  the  form 

^'  =  aZ,(.r,,...,.r„,a,/3,  O  .  (13') 

Substituting  (U)  in  (i:i'),  it  is  found  that 

where  in  all  the  partial  derivatives  a-,  is  replaced  by  xf^  and  a  is  put  equal  to  zero.  Admitting 
for  the  moment  the  convergency  of  (loj,  the  coefficients  of  the  corresponding  powers  of  a  in  tlu'  right 
and  left  members  are  equal,  giving 


dxl 

dt 

dx'i 

~dt 

dxr>_dx.,^dx,,. 


=  0  (.=1 n)    , 

dt 

I 
.    -  =  X,  (x,"",  .  -  ■  ,xT,0,  P,t)  , 


ir~  da  ^ Z4  ax/^   ' 


etc. 

These  equations  can  bo  integrated  in  order,  Vu-ing  in  each  case  quadratures,  and  give  the  coefficients 
of  (14)  uniquely. 

•This  method  was  first  used  in  a  somewhat  loose  way  by  early  quantities"  was  used  and  has  boon  larKoly  retained  up  tn  the  present 
vurkers  in  celestial  mechanics  in  constrnctinK  the  theories  of  the  time,  rather  than  an  explicit  devoloi>ment.  (^vuriiY  in  IXIIi  nxaminod 
mntaal  ijcrtorbations  of  the  planets.    The  indefinite  "order  of  small        the  validity  of  the  method  {Collected  Work»,  1st  series,  Vol.  VII). 
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2.   Case  in  wJiich  fhc  A^,  do  not  have  the  fad  or  a. —  Substituting  (H)  iu  (18),  it  is  found  that 

dx'/'  .     ^,  ,  ,„,  ,„,  ^  „  ,  ,  9 A',    ,  ^  ax,-  ,,,    ,  i9^Y,-  ,  ,  ^  a-A-, 


i=U  j  =  l  ^  j  =  l 

1  NT^  -ST^     a-A'-  >r^  a  A'      ,    „ 

+  222  a^pi^^"-^"'^-  +  2  a-;^^'^"'"  +  •  •  •  •  (1^) 

Equating  coefficients  of  corresponding  powers  of  a,  it  is  found  that 
^  =  X,  (a-r,  .  .  .  ,  xT,  0,  /3,  t)  (i=l,  .  .  .  ,  n)   , 

dxi"_aA,  ,  -s^  ax,  ,„ 

^r~  a^  +  2^  a:^^^-   •  (18) 

dt      2  aa^'  ^Zrf  aaa.r/^  ^2  Z^  Z^  a.r,a./v  ^    ^  ^Z^  a^-,  •>    ' 


^^^'+2^^"'  (19) 


and  iu  general 

da;['''        „ x?^  a  A, 

Ti 

where  X!"'  is  a  polynomial  in  .rj"',  •  •  •  ,  a"j''~".  After  the  a;f'  have  been  determined,  the  remaining 
a;!"'  depend  upon  the  solution  of  systems  of  linear  non-homogeneous  differential  equations. 

This  case  may  always  be  avoided  by  eliminating  the  parts  of  the  Xi  which  are  independent  of  a 
by  the  method  of  the  variation  of  parameters,  but  it  is  not  always  advisable  to  do  so. 

3.  Determination  of  constants  of  integration. —  Every  time  a  set  of  equations  of  (16)  is  integrated 
n  constants  are  introduced,  and  they  must  be  determined  in  terms  of  the  initial  values  of  the 
variables.  Let  the  constants  introduced  with  j-,!"'  be  a!"';  then,  letting  a-f  be  written /f  (i)  —  a^"', 
equations  (14)  become 


x,=ar+^[fi''it)-an<^ 


At  the  initial  time  <  =  0  these  equations  become 

a,  =  af>  +  ^  [f"  (0)  -  a]'']  a'  (i=i n)  .  (20) 

If  these  equations  have  any  realm  of  convergency  in  a  for  O^t  <Ct^,  they  become  identities  in  a, 
because  the  initial  values  of  the  variables  are  independent  of  the  parameters,  and  it  follows  that 

a,    -«,  (      .        ,    )   , 

afJ'  ^fl'>  (0)  ('=1,  .  •  . ,  j=i «)  .  ^    ' 

It  follows  from  these  relations  that,  when  the  X,  vanish  with  a,  the  a-,!"'  are  the  definite  integrals  of 
the  equations  by  which  they  are  detined  taken  between  the  limits  <  =  0  and  t  ^t. 

When  the  Jf,.  do  not  vanish  with  a,  the  constants  are  not  additive.  The  way  they  enter  in  the 
expressions  for  a*™  depends  upon  the  forms  of  the  right  members  of  the  first  set  of  equations  (18). 
In  the  solutions  of  the  linear  equations  which  occur  after  the  first  set  they  enter  in  the  form 

a;"""  =  2)  <".'"  /J"'  (0  +  <^r'  (0  0=1 «    ►=!.  •  •  •  «)  .        (22) 
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where  the  c]^'  are  related  to  the  cj^'  ('=2.  •■•,»!)  by  the  coefficients  which  are  involved  in  the  dirtVreu- 
tial  equations.     At  /  =  0  the  solutions  (14)  become 


=0       (       n  ) 

y=l    i    J=l  ) 


(.=1 n)    .  (23) 


If  these  equations  have  anj*  realm  of  convergency,  they  are  identities  in  a.     Hence  {jr'"'),^„^  0,,  and 
the  independent  constants  c['j  which  enter  linearly  are  determined  by  the  equations 

n 

2  '•."'/"'  (^)  +  '^."■'  (0)  =  0  ('=1 ■)  ,  (24) 

and  a  similar  system  for  all  values  of  v  from   1   to  »  .     It  follows  from  this  that   the  .r,"''  are  the 
definite  integrals 

"idxl'' 


-)  . 


The  question  of  the  convergency  of  these  series  was  first  examined  by  Cauchy  in  a  series  of 
papers  published  in  Comptes  rendus  in  the  summer  of  1842.'  The  method  is  to  use  a  comparison 
set  of  ditferential  equations, 

^=i',(</,.....//„.a,AO  (.  =  1,..     ,«)    ,  (25) 

where  the  F,  fulfil  all  the  conditions  imiiosed  upon  the  X,,  and  the  additional  ones,  that  the  coeffi- 
cients of  the  expansions  of  the  coefficients  of  the  various  powers  of  a  shall  be  real,  positive,  and 
greater  than  the  moduli  of  the  corresponding  coefficients  in  the  expansions  of  the  ^,-  for  all  0  ^  <  <  /„. 
Then  it  is  shown  that,  if  the  solutions  of  (25)  are  written  in  the  form 


=2^/;- 


'/'  a*  ,  (26) 


the  y\^  are  all  real,  positive,  and  greater  than  the  moduli  of  the  corresponding  coefficients  of  the 
series  (14)  for  all  0  ^  /  <  /„.     Consequently  series  (14)  converge  if  (2())  converge. 

There  are  always  equations  fulfilling  the  conditions  imfxised  upon  (25)  of  the  form 

dm  ^ ^C ^^ 

dt       (l-pa)[l-r(j/,  H \-U.,)l'  ,27) 

dy,  C 


dt       (l-pa)[l-r(y,+  ...  +tf„)]  • 


according  as  the  right  members  vanish  with  a  or  not,  and  where  C,  p,  and  r  are  constants  conveniently 
chosen.  Equations  (27)  can  be  integrated  and  the  y,  expressed  as  series  in  a  which,  from  the  form  of 
the  functions  which  are  expanded,  are  known  to  converge  if  /  and  a  are  sufficiently  small.  Hence  it 
follows  that  the  series  (14)  converges  if  /  and  a  are  sufficiently  small.  The  limits  witliiii  which  the 
series  are  certainly  convergent  determined  in  tliis  way  are  undoubtedly  in  geniTiil   iinicli  (no  suiall. 

Poincar6  has  proved  that  for  any  finite  value  /„  the  a  may  be  chosen  so  small  that  tiie  series 
converges  for  all  0  ^  /  <  /„,  provided  that  the  solutions  of  (14)  with  a  =  0  have  no  singularities  for 
this  range  of  time."*  It  follows  etjually  that  for  any  values  of  a  for  whi(;h  the  right  members  of  (13) 
converge  the  /„  may  be  taken  so  small  that  (14)  converges  for  all  0  ^  /  <  /„ ;  and,  therefore,  any  solu- 
tions of  a  problem  which  are  constructed  in  this  manner  have  at  h^ast  a  positive  finite  reiiliii  of 
validity  in  /. 

The  jwrameter  /8  enters  in   the  differential  equations  (13),  and  so  far  it  has  not  been  drtined, 

•  Collected  Work*,  1st  scrie:).  Vol.  VII.  i"  Ut  mdliodcs  nouvcllct.  Vol.  I,  pp.  .'jtWJl. 
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except  that  it  has  been  tacitly  assumed  that  it  does  not  take  values  which  would  introduce  singularities 
in  their  right  members.  In  particular,  there  is  in  general  no  reason  why  it  may  not  be  numerically 
equal  to  a,  although  the  expansions  are  made  with  respect  to  a  alone.  The  following  is  the  use  which 
will  be  made  of  the  /3:  Suppose  that  in  the  differential  equations  a  certain  parameter  fi  occurs  in 
two  distinct  ways ;  one,  such  that  the  right  members  may  be  expanded  as  power  series  in  it  in  a  simple 
manner ;  the  other,  such  that  the  expansions  are  more  difficult,  or  even  impossible.  When  /x  occurs  in 
the  first  way  it  may  be  replaced  by  a,  and  when  it  appears  in  the  second  way  by  yS.  The  solutions 
may  be  expanded  as  power  series  in  a,  and  at  the  end  a  and  /S  given  their  numerical  values,  which  are 
equal.  This  artifice,  which  appears  not  to  have  been  heretofore  employed,  is  essential  in  the  proof  of 
the  validity  of  many  of  the  processes  which  have  been  employed  in  celestial  mechanics  with  success 
without  it  having  been  demonstrated  that  they  were  valid  ;  and,  in  constructing  new  series  for  solu- 
tions of  differential  equations,  it  opens  up  such  a  number  of  possibilities  within  the  realm  of  validity 
that  the  chances  of  securing  proved  rigor  and  at  the  same  time  practicability  are  greatly  increased. 
These  remarks  are  illustrated  in  the  applications  which  follow. 

Instead  of  there  being  one  parameter  a,  there  may  be  any  number,  when  the  solutions  will  be 
multiple  series.     Corresponding  theorems  respecting  the  convergence  hold. 

§6.   APPLICATION  TO  THE  COMPUTATION  OP  THE  ABSOLUTE  PERTURBATIONS  OF  THE  ELEMENTS 
Suppose  there  are  the  sun,  whose  mass  will  be  taken  as  unity,  and  two  planets  whose  masses  are 
W;  and  )»,•     If  the  origin  is  taken  at  the  center  of  the  sun,  the  differential  equations  of  motion  in 
rectangular  co-ordinates  are  : 

d.r,  ,       „         dx!        ,  X,  97?, 

-—  —  X,  =  0  ,      — -  +k-(l  +  m,  -^  =  III,   —  , 
dt  dt  I,  d.c, 

dt  dt  rl  dzi 

dx2         ,       „         dx,    ,    ,,  ,1    ,        ,X2  9i?2 


d  Ih  ■  n  d  1/2      ,      ,  ,  ,  ^       ,  ,  III  9  R-i 

dt  dt  r-i  0Z2 


R, 


"^"L'^2  ^  J    ' 

~    L'1.2  '1  J  ' 


where  r,  and  c,  are  the  distances  from  /»,  and  m,>  to  the  sun  and  r,  ^  is  the  distance  between  m,  and  m^. 
When  the  right  members  are  put  equal  to  zero,  the  equations  reduce  to  those  for  the  problem  of 
two  bodies,  and  can  be  solved.  Consequently  the  method  of  the  variation  of  parameters  can  be 
employed  as  explained  in  §4.  Suppose  the  elements  of  the  orbit  of  vi^  are  «,,  a,,  •  •  •  ,  o,;,  and  of 
w,,  ?),,  62,  •  •  •  ,  fee-  Then,  after  the  method  of  the  variation  of  parameters  has  been  applied  once,  the 
differential  eqiiations  will  have  the  form 


— ^  =  mn<i>i{ai,  •  •  •  ,  Ce,  61,  •  •  •  ,  be,  0 

'-  =  J);,  i/',(o,,   •   •   •   ,  Clf,,  61,   •   •   •   ,  &6,  0 
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The  distribution  of  the  parameters  into  as  and  yS's  must  be  made  before  equations  (29)  are 
integrated.  The  parameters  are  /h,  and  tii., ,  which  appear  in  the  right  members  as  factors.  The  func- 
tions (f>i  and  ^Ir.  originally  depended  upon  the  co-ordinates  a^,,  ?/,,  z,,  a-j,  f/j,  ^Jj.  These  were  eliminated 
by  means  of  the  solutions  of  (28)  after  the  right  members  were  put  eqiial  to  zero  ;  but,  since  the  left 
members  of  (28)  involve  m^  and  m,,  the  functions  <^,.  and  >^i  involve  «/,  ami  nu  iuii)licitl\-.  In  order  to 
simplify  matters  and  to  establish  the  validity  of  the  ordinary  expressions  which  are  used  in  the 
theory  of  absolute  perturbations,  the  m,  and  w.,  which  occur  as  factors  of  4>.  and  if ,  respectively  will 
be  ret^arded  as  being  as  and  those  which  enter  implicitly  in  <f>.  and  •^j  as  being  /S's.  If  this  were  not 
done,  the  <f>^  and  yfr.  would  have  to  be  expanded  as  power  series  in  ih,  and  w., ,"  thus  adding  enormoiisly 
to  the  labor  of  practically  carrying  out  the  work,  while  the  expressions  obtained  would  not  be  those 
used  by  astronomers. 

The  problem  now  is  to  integrate  equations  (29),  which  are  as  general  as  (28)  and  valid  so  long  as 
the  Jacobian  of  the  equations  of  transformation  does  not  vanish.  In  the  mutual  perturbations  of  the 
planets  it  never  vanishes  when  the  elements  are  conveniently  defined.  It  is  no  more  possible  to 
obtain  integrals  of  (29)  in  finite  nimibers  of  terms  than  it  was  in  the  case  of  (28),  but  it  is  possible  to 
inteorate  them  as  power  series  in  ?n,  and  m^,  which  will,  as  was  seen  in  §5,  absolutely  converge  so 
long  as  t  is  not  too  far  from  its  initial  value. 

It  will  now  be  shown  how  the  coefficients  of  the  series  can  be  computed,  and  that  tlie  various 
terms  have  obvious  physical  interpretations.     The  solutions  are  to  have  tlie  forms'" 


a,.  =  ^  a'/' 


'  /n^,j?4  (i=i,  •  •  •  ,6)  , 


J,«.-=o 


(30) 


6,.  =  y^  6;>'''wi{»4 


where  the  o,'^'*'  and  the  &,''•*'  are  functions  of  the  time  to  be  determined.     It  will  be  supposed  that  the 
terms  are  arranged  so  that  the  sum  j  +  k  proceeds  in  the  order  of  the  natural  numbers. 
Substituting  (30)  in  (29),  it  is  found  that 

da'r'    ,  dai°-"        ,  da;'-"'        ,   da,'-"  ,   da'!''"  doT'     2   , 

9*. 


=  nv,<f>,{a[''-''>,  •  ■  ■  ,  a^"',  b',"'",  •  •  ■  ,  M°-°',  t)  +  m,  ^  ^  (aj"-"  »«,+  aj'-'"  ?«,) 

6 

-\-m^  ^J  -^(K'"  '"h+  '*>"■'"  w^i)  +  higher  powers  in  jh,  and  m.j  1 


(31) 


dfe;"-'*  ,  db™-"     ,  dbi'-"'     ,  db',''"        ,  dby>  ,  ,  db'r'  2  , 

B 

=  vi,il>,(a',"-">,  ...  ,  ai"-",  bi"-",  ■  ■  ■  ,  b!'-"',  t)  +  w,  ^-^«"  '«2  +  aj''"'  »h,) 

j=i       ' 

+  m,  ^    ai   e*/'' '' '"i  +  ''/"'"'  "'1)  +  higher  jwwers  in  /;/,  and  111.^  . 

Equating  coefficients  of  corresponding  powers  of  w,  and  m^  in  tlif  ri^dif  and  loft  iiicnibcrs  of  these 
equations,  it  is  found  that 

11  Comparo  PoiNCAEE,  MHhoda  nouvellcn.  Vol.  I.  p.  270,  where  tliiH  "  Compare  tlio  "  order  of  small  quantity  "  method  givon  by  Tl8- 

expansioD  ia  Uiied.  HEBASD,  Mfcaniquc  cilettc,  Vol.  I,  p.  1!)4. 
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dbf-'"  _ 


^^i-l-  =  <#,.(a|<'''",  .  .  .  ,  a™'"',  M"'"',  .  .  .  ,  ^r"',  t) 


(32) 


db';-" 

dt 
dh'^-"' 

dt 


(33) 


daf-"'  _ 
dt     ~      ' 


2a<"+2S''-- 


dt 

d.f-^^8^^^       ^8^,. 

=  0  , 


dt      r^  ^cij'    ^Z^dbj' 
dbf'" 


dt 
etc. 

Integrating  (32)  and  substituting  the  values  of  of'"'  and  hf'"'  thus  obtained  in  (33),  the  latter  are 
reduced  to  quadratures  and  can  be  integrated;  integrating  (33)  and  substituting  the  exjjressions  for 
af'",  of'"',  bf-'\  and  bg'"^  in  (34),  the  latter  are  reduced  to  quadratures  and  can  be  integrated;  and 
this  process  may  be  repeated  indefinitely,  giving  any  desired  number  of  coefficients  of  the  series  (30). 
When  valid  processes  in  performing  the  quadratures  are  employed,  the  elements  are  rigorously  deter- 
mined within  certain  time  limits." 

An  additive  constant  of  integration  is  introduced  with  each  integration  which  can  be  determined, 
as  was  shown  in  §  5,  from  the  initial  conditions.  Suppose  a'/-'"  =/'/•'"' (t)  — a'/'''^  b'/-'"  =^  g'/''"  (t) 
— /3,'-''*"',  where  the  a'/-'''  and  /Sy-"  are  the  constants  of  integration  to  be  determined.  Let  the  initial 
values  of  a,-  and  b^  be  a'"'  and  b'"'  respectively.     Then  equations  (30)  become  at  /  =  0 


af  =  'V  Ifl'-"'  (0)  -  a,'-'''']  m{  1 
5f>  =  V  [gp'W  (0)  -  A'^-'-']  m{i 


(j=l,  .  .  .  ,  6)    , 

(35) 


isComparf  tho  statement  iu  DziOBEK,  Planeten-Bewegungen,  p.  167. 
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Since  the  osculating  elements  are  independent  of  the  disturbing  masses,  these  series  are  identities  in 
vt,  and  m,,  whence 


(36) 


The  af'"'  and  bf-"'  are  the  osculating  elements  at  the  time  /  —  0,  and  the  perturbations  of  the  first 
order  with  respect  to  the  masses  are  given  by  (33),  which,  because  of  (3(3),  reduce  to 

I  to,  I) 


bf-o' = 6r  , 

a'.J-"  =  0 

0=1,  • 

.  .  ,x) 

, 

6}».«  =  0 

(J:=I,  ■ 

.    .   ,00) 

, 

/;>-"(0)-a;>*'=o 

(J=l,  • 

..,30, 

fc=l,    ■ 

■     •     .«) 

g;^-''(0)-/3;>*'  =  o 

(i=l,  ■ 

-     ■     ,    »      , 

fc  =  l,     . 

.     .     ,00) 

^"*'  '  =  4>,  {a',"',  ■  ■  ■  ,  ar,  K',  •  •  •  .  C  0  . 

^*  (37) 

?^J—  =  ^.  (ar,  ■  ■  ■  ,  cC,  bl"',  ....  bt\  t)  . 


The  ri"ht  members  of  these  equations  are  {u-oportioual  to  the  rates  at  which  the  various  elements  of 
the  orbits  of  the  two  planets  would  vary  at  the  time  /  if  the  planets  were  moving  at  that  instant  in 
the  original  ellipses ;  the  integrals  are  the  summations  of  the  changes  which  would  be  produced  if  the 
forces  and  their  instantaneous  eflfects  were  always  exactly  equal  to  those  in  the  undisturbed  orbits. 
Of  course,  the  perturbations  modify  the  expressions  for  the  true  rates  at  which  the  elements  vary,  but 
they  are  taken  care  of  in  terms  of  higher  order. 

Since  the  differential  equations  (2'.tj  involve  the  parameters  vi,  and  w,  to  the  first  degree  only, 
they  are  valid  for  all  finite  values.  Conseejuently  this  method  of  computing  the  absolute  perturba- 
tions does  not  depend  for  its  validity  ujwn  the  fact  that  the  masses  of  the  planets  are  small  compared 
to  that  of  the  sun.  However,  the  smaller  the  masses  of  the  planets  are,  the  longer  tlie  time  for  which 
the  series  converge. 

If  there  were  a  third  planet,  the  elements  k,  and  6,  would  havt'  terms  of  the  first  order  oi  the 
general  type  of  the  right  members  of  (87)  coming  from  its  attraction,  but  the  effects  of  each  planet 
in  the  terms  of  the  first  order  would  be  computed  separately. 

As  a  consequence  of  (36j  and  (37)  the  terms  of  the  second  order,  given  by  (34),  reduce  to 


db}"' 

bi,,{a['",  ■  ■ 

■  ,  aS",  bl",  ■  ■ 

•  ,  ftf , 

0 

da}"' 

d4,,{ar,.. 

■  ,  <"',  b,"",  •  • 

•  ,  C 

t) 

da}- 

H.{<\-- 

■  ,  a™',  br.  •  ■ 

•  ,  K", 

t) 

d<->'      ^  a<^,(ar,  •  •  ■  ,  g^"',  br,  ■  •  ■  .CO,.,, 

-dr=l, w  ' 

da't"- 

dt     ~  ^-^ 

i=»  '  (38) 

dt         Z^ 
db?-"'  _^ 


"dT-^  db}" 

The  perturbations  of  the  second  order  arise  from  the  fact  that  both  m,  and  m^  depart  from  tlicir 
original  ellii)se9  by  terms  of  the  first  order.  The  perturbations  of  the  second  order  nf  Ihc 
elements  of  ;»,,  due  to  the  fact  that  m^  departs  from  its  original  orbit  by  terms  of  the  first  order,  are 
given  by  equations  of  the  tyi)e  of  the  first  of  (38);  for,  if  b;''"',  the  first-order  p.Tturl)ations  of  w,, 
were  zero,  «;'•"  would  be  zero  also.  Similariy,  the  fwrturbations  of  the  second  order  of  m,,  due  to  the 
fact  that  111,  departs  from  its  original  ellipse  by  terms  of  the  first  order,  are  given  by  equations  of  the 
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type  of  the  second  of  (38).  The  terms  6|.'-"  and  b'r'"  in  the  elements  of  the  orbit  of  m^  arise  from 
similar  causes.  Thus  the  terms  of  the  second  order  correct  the  errors  which  would  be  committed  by 
stopping  with  terms  of  the  first  order,  and  those  of  the  third  order  correct  those  of  the  second,  and  so 
on  indefinitely. 

If  there  are  three  planets,  the  perturbations  of  the  second  order  are  considerably  more  compli- 
cated, the  terms  arising  from  the  attractions  of  the  various  planets  not  appearing  separately,  as  they 
do  in  case  of  the  terms  of  the  first  order.  Sujijiose  the  third  planet  is  m.j  and  that  the  elements  of  its 
orbit  are  c,,  ■  •  ■  ,  c^.     Then  the  differential  equations  which  define  the  terms  of  the  second  order  are 

(i  =  l,  ■  ■■ ,  6)    , 


(39) 


.  f//y,         ,    dCj 

and  the  corresponding  equations  tor  —   and     rj  . 

Equations  of  the  type  of  the  first  give  the  perturbations  arising  from  the  attraction  of  »?.,  due  to 
the  fact  that  jHj  has  been  drawn  from  its  original  ellipse  by  jh,  ;  the  second,  the  perturbations  arising 
from  the  attraction  of  m^  due  to  the  fact  that  »(.,  has  been  drawn  from  its  original  ellipse  by  m^  ;  the 
third,  the  perturbations  arising  from  the  attraction  of  m.^  due  to  the  fact  that  ?/;,  has  been  drawn  from 
its  original  ellipse  by  m.^ ;  the  fourth,  the  perturbations  arising  from  the  attraction  of  jh,  due  to  the 
fact  that  j»,  has  been  drawn  from  its  original  ellipse  by  m^ ;  the  first  term  of  the  fifth,  the  perturba- 
tions arising  from  the  attraction  of  m^  due  to  the  fact  that  m^  has  been  drawn  from  its  original 
ellipse  by  m.^ ;  the  second  term  of  the  fifth,  the  perturbations  arising  from  the  attraction  of  m^  due  to 
the  fact  that  m^  has  been  drawn  from  its  original  ellipse  by  ^3 ;  the  third  term  of  the  fifth,  the 
perturbations  arising  from  the  attraction  of  111^  due  to  the  fact  that  77?,  has  been  drawn  from  its 
original  elli[)se  by  m^ ;  and  the  fourth  term  of  the  fifth,  the  perturbations  arising  from  the  attraction 
of  ?»3  due  to  the  fact  that  m,  has  been  drawn  from  its  original  ellipse  by  m,.  Thus  precisely  those 
terms  appear  which  would  be  expected  from  physical  considerations. 

Consider  the  general  case  in  which  there  are  n  planets  m,,  ■  •  •  ,  m„.  The  planet  /«,,  for  example, 
suffers  first-order  perturbations  due  to  the  attraction  of  m^.  This  deviation  of  »;,  from  its  elliptical 
orbit  gives  terms  of  the  second   order  arising  from  the  attraction  of  each  of  the  remaining  planets, 
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thus  giving  ?!  —  1  terms  of  the  second  order.  Similar  results  arise  from  the  first-order  perturbations 
of  m,  by  JHj,  and  so  on  down  to  the  planet  m„.  Since  there  are  n  —  1  planets  besides  »/,,  there  are  in 
all  [n  —  1)'  terms  of  the  second  order  in  the  perturbations  of  every  element  of  the  orbit  of  7n,  due  to 
the  fact  that  it  has  deviated  from  its  original  orbit  by  terms  of  the  first  order.  The  elements  of  the 
orbit  of  m.,  have  n—1  terms  of  the  first  order  arising  from  the  attraction  of  the  remaining  n  —  1 
planets  for  it,  and  each  of  these  gives  rise  to  a  term  of  the  second  order  in  the  perturbations  of  the 
elements  of  the  orbit  of  m, ,  or  n  —  1  new  terms  of  the  second  order.  This  is  true  for  each  of  the 
remaining  planets,  so  that  there  are  in  all  [n  —  ly  terms  of  the  second  order  in  the  perturbations  of 
every  element  of  the  orbit  of  in,  due  to  the  fact  that  Wj,  •  •  •  ,  »??„  depart  from  their  original  ellipses 
by  terms  of  the  first  order.  Therefore  each  element  of  the  orbit  of  m,  has  2{n—iy  difPerent 
perturbations  of  the  second  order,  and  for  the  whole  n  planets  there  are  2n  (ji— 1)"  terms  of  the 
second  order.  When  there  are  two  planets,  there  are  four  terms  of  the  second  order,  given  by  equa- 
tions (38).  When  there  are  three  planets,  there  are  twenty-four  terms,  the  first  eight  of  which  are 
given  in  (39).  When  there  are  eight  planets,  as  in  the  solar  system,  there  are  784  terms  of  the 
second  order  for  each  of  the  six  elements.  Fortunately  nearly  all  of  them  are  so  small  as  to  be 
insensible." 

In  order  that  the  conclusions  may  be  soiind,  the  quadratures  must  be  made  by  valid  processes. 
In  the  case  of  the  mutual  perturbations  of  the  great  planets  it  can  be  shown  that  the  series  which  are 
ordinarily  emjiloyed  in  preparation  for  the  quadratiires  are  convergent. 

§7.    A   V.\LID   METHOD   OF  AVOIDING   SECULAR  TERMS   OF   THE  FIRST  ORDER 

In  the  right  members  of  the  differential  equations  which  <lefin(>  the  j>crtiirbations  of  the  first 
order  with  resi^ect  to  the  masses  there  are,  in  the  expansions  which  arc  usually  employed,  terms  of 
two  types:  («)  those  in  which  the  time  is  involved  in  the  cosine  or  sine  functions,  and  {b)  those 
which  are  independent  of  the  time.  Upon  integration  the  first  type  gives  sine  and  cosine  terms,  which 
are  consequently  periodic  and  always  finite ;  but  the  second  type  gives  terms  which  change  indefinitely 
with  the  time.'^  In  the  perturbations  of  the  second  order  with  resi)ect  to  the  masses  there  are,  except 
in  the  case  of  the  major  axes,  periodic  terms,  terms  which  contain  the  time  and  periodic  terms  as 
products,  which  will  be  called  Poisson  terms,  terms  containing  the  time  to  the  first  degree,  and 
terms  containing  the  time  to  the  second  degree.  In  perturbations  of  the  third  order  with  respect 
to  the  masses  there  are  terms  of  the  third  degree  in  the  time;  etc. 

Although  terms  appear  which  change  indefinitely  with  the  time,  it  does  not  in  tiie  least  follow 
that  the  elements  change  indefinitely  with  the  time.  It  may  be  that  those  so-called  secular  icniis 
are  the  expansions  of  periodic  terms,  and,  if  so  it  is  desirable,  at  least  for  practical  purposes,  that  the 
expanded  forms  be  avoided.  The  question  arises  if  this  may  not  be  done  by  modifying  the  method 
of  integrating  the  differential  equations.  Whether  it  can  be  done  or  not,  it  ]>rov('s  nothing  regarding 
the  stability  of  the  system,  unless  the  series  can  be  proved  to  l)e  uniformly  convergent ;  but  this 
problem  has  not  even  been  approached  yet,  much  less  solved."  Lagrange  has  succeeded  in  showing" 
by  formal  processes  that  the  secular  terms  of  the  first  order  of  the  masses  and  of  the  first  order 
in  the  eccentricities  and  mutual  inclinations  may  be  avoided  entirely.  Leverrier  has  shown"  that 
when  terms  of  the  fourth  order  in  the  eccentricities  and  inclinations  in  the  perturbative  function 
are  included,  the  solutions  still  retain  the  periodic  form.  Finally,  Poincar6  has  shown'"  that  the 
secular  terms  of  all  orders  may  formally  be  integrated  in  series  which  are  periodic.     He  says,  in 


I'Lcs  mHhoilc*  nouvcllcH  ilc  la  m6caniquc  celeste,  V<.l.  II.  chap 


><The  coefficioota  of  thn  various  powers  of  the  masses  are  hero  n  Collected  Workf,  Vols.  V  and  VI. 

spokcDof  as  being  "terms;"  when  carried  out  io  practice,  each  is  in  l»Annalaidel'ol>icrvaloircdeParu,  Vnl,  II,  Additii 

reality  a  multiply  infinite  system  of  simple  terms. 

"There  is  the  well-known  exception  in  the  case  of  the  major  axes. 

i«Seo  Rall,  SU>rj/  of  the  flcaccm.  p.  .3.11.  where  the  generally 
accepted  erroneous  view  regarding  this  matter  is  advanced. 

132 


F.  E.  MouLTON  17 


conclusion, ■"  that  Lagrange  and  Laplace  would  have  regarded  this  as  completely  establishing  the 
stability  of  the  solar  system,  but  that  it  is  not  sufficient  now  because  of  the  lack  of  proof  of  con- 
vergence of  the  series. 

The  question  arises  how  far  the  method  of  Lagrange  leads  to  significant  results,  for  the 
assumptions  and  approximations  may  be  such  that  the  conclusions  may  be  erroneous,  especially  when 
long  intervals  of  time  are  involved."'  In  a  general  way  this  is  the  subject  of  the  present  inquiry,  and 
it  will  be  shown  that  results  which  are,  from  a  practical  point  of  view,  sensibly  the  same,  though 
not  quite,  may  be  obtained  by  processes  which  have  been  proved  to  be  valid  for  not  too  long  a  time. 

Let  the  elements  of  the  orbit  of  the  planet  nij  be  cij,  Cj,  Sj,  Sj,  Q,j,  and  ?V,  where  the  letters  have 
the  usual  significations.      Then  let  the  variables  hj ,  Jj ,  Pj ,  and  qj  be  defined  by  the  equations 


hj  =  €j  sin  wj 
Ij  =  e,  cos  Sj  , 
Pj  =  tan  ij  sin  O, 
qj  ■^=  tau  ij  cos  O, 


(40) 


(41) 


Then  the  differential  equations  become 

-^  =  /,-  (a.  >  E.- ,  ft*,  h ,  Pk ,  q, ,  t)  (J=i-  •••.").( '•-I.  •  ■  ■ 

Jj  =a(«t'  «fc'  'h'  h-,Pi.-,  9am  0  . 

-^  =  (9j  (oj, ,  €j, ,  hi, ,  h  >  Pk  >  g»; .  0  . 
~Ij=^'I'j  («*■ '  'k ,  ih ,  4 ,  ih ,  qk  -  0  . 

-^  =  Xj(«A--  H-'  Ih,  h,Pk,  qk<  t)  . 

The   perturbative   functions  for  the  various  pairs  of  planets,  upon  which  the  right  members  of 
equations  (41)  depend,  have  the  form"^ 

-R,, .  =  2^  Mefep-  (tan  '0  (tan  '^  cos  (a Ij  +  a'  /,  +  ^ 5^  +  ^ '  s;,  +  y n,  +  y '  fi,)  ,  (42) 

where  Ij  =  Hjt  —  e^.,  iij  being  the  mean  motion  of  ;«-,.     The  summation  extends  over  all  integral  values  of 
a,  a',  /3.  /3',  7,  7',  and  H,  H' ,  G,  and  G'  are  respectively  equal  to  the  numerical  values  of  /3./3',7,  7' 

increased  by  zero  or  positive  integers,  and  M  are  functions  of  Uj  and  Oj..     Now,  tan  ^  is  related  to 

tan  i  by  the  equation 

2  tan  I 
tan  i  ^= r  > 


1  —  tan^ 


from  which  it  easily  follows  that  tan  -^  is  expressible  as  an    infinite    series  of   odd  powers  of  tan   i. 
Therefore  I  tan  9  )   is  expressible  as  an  infinite  series  in  tan  1,  with  even  or  odd  exponents  according 

'">Loc  cit,,  p.  i6.  22  See  Tissehand,  Micaiiique  cileste.  Vol.  I,  p.  317. 

21  See  DziOBEK,  Planeten-Bewegungen,  p.  275;   Tisseeand  Mica- 
nique  c&leste^  Vol.  I,  p.  429. 
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as  6r  is  even  or  odd,  and  (42)  may  be  written 

Rj,,  =  2^  Mefel'  (tan  j')^' (tan  4)''-  cos  (aZ,  +  a'  Z,  +  /85,  +  j8' 5,  +  yft,  +  y ' «.)  .  (43) 

where  K  and  ^'  equal  the  numerical  values  of  y  and  7'  plus  zero  or  positive  integers. 

It  is  known  that  cos  vx  and  sin  vx  are  expressible  as  sums  of  powers  of  cos  x  and  sin  .r  respect- 
ively, where  the  highest  power  is  v  and  the  various  powers  are  all  even  or  odd  according  as  v  is  even 
or  odd.  Consequently  it  follows  from  the  relations  of  the  exponents  H,  H' ,  K,  and  K'  to  the 
coeiBcients  yS,  /3'.  7,  and  7',  and  from  the  equations  ej  =  h"- +  I'j  and  t&n'  i)  —  j^'j  + 'JO ^  ^^^"*  ^j.i.-  ^^ 
expressible  as  a  jiower  series  in  lij,  h^,  Ij,  l^.,  j^j,  J\.,  (jj,  q^;  and  these  series  converge  for  the  values  of 
the  arguments  that  occur  in  the  case  of  the  mutual  perturbations  of  the  major  planets.  Therefore 
the  right  members  of  equations  (41)  are  linear  in  the  mass  factors  ni^  (t=i,  •  ,  j-i,j+i,  • ,«),  and, 
since  the  coefficients  of  the  partial  derivatives  of  the  perturbative  function  are  expansible  as  series  in 
ll  ,  ''1-1  ■••)?>>  (/«.'  they  are  power  series  in  hj,  h^,  ■  ■  ■  ,  Qj,  q^.  with  the  aj.  entering  in  the  jI/'s  and  the 
€^  entering  only  under  the  trigonometric  functions. 

The  secular  terms  are  those  in  which  every  a,  a'  occurring  in  the  perturbative  functions  (43)  is  zero. 
It  should  be  remarked  here  that  others  would  occur  if  the  mean  motions  of  any  two  of  the  planets  were 
commensurable,  but  as  there  are  in  every  case  within  the  limits  of  accuracy  of  the  observations  an 
infinite  number  of  incommensurable  as  well  as  commensurable  ratios,  it  is  always  assumed  that  the 
mean  motions  are  incommensurable.  There  are  no  secular  terms  in  the  case  of  the  element  (ij  for 
a  =  a'  =  0,  but  this  element  would  have  secular  terms  if  the  mean  motions  were  commensurable. 

Lagrange  treated  the  equations  (41)  by  taking  out  the  secular  terms  in  the  case  of  the  last  four 
variables,  neglecting  all  except  their  first  powers,  and,  assuming  the  Uj  to  be  constant,  he  integrated 
the  resultiiifT  linear  homogeneous  system  whose  coefficients  were  by  assumption  constants.  Ho  found 
the  solutions  and  showed  that  they  are  all  periodic  functions  of  the  time.  The  periodic  parts  of  (41) 
which  remained  were  integrated  by  quadratures  by  considering  the  elements  as  constants  in  the  right 
members.  It  is  perfectly  clear  that  this  method,  which  leads  to  the  only  existing  theoretical  con- 
clusions regarding  the  stability  of  the  solar  system — to  the  so-called  Magna  Charta  of  the  permanence 
of  the  solar  system  in  its  present  form — contains  a  number  of  assumptions  of  a  very  radical  type,  and 
that  it  leads  to  no  such  general  conclusions  as  have  been  drawn  from  it.  Nevertheless,  it  uii(loul)tedly 
represents  quite  approximately  the  actual  changes  which  the  system  will  undergo  for  a  very  long 
time.  The  method  which  is  about  to  be  explained  gives  much  the  same  terms  and  is  proved  to  be 
perfectly  valid  for  a  positive  finite  time. 

Sui)pose  the  secular  and   periodic   parts  of   the  riglit   members  of  (41)  are    written   separately. 

Then  let  the  mass  factors  ///^  which  occur  as  coefficients  of  the  secular  terms  be  rejilaced  by  ,  but 
remain  unchanged  in  the  case  of  the  [jcriodic  terms.  In  the  final  results  m^  is  to  be  given  the 
numerical  value  of  7n^  and  fi  is  to  be  jmt  equal  to  unity.  Let  h^.,  I,,  p^.,  and  q^  everywhere  in  the 
secular  terms  be  replaced  by  /i/f^,  fJ-l^,  /mji,,,  jJ-q^ .  Then  the  right  members  of  (41)  will  be  com[)osed  of 
two  [)arts.  One  part  will  not  involve  the  time  explicitly  and  will  l)e  power  series  in  /x,  beginning  with  a 
term  which  is  independent  of  this  parameter.  The  other  part  will  involve  the  time  under  the  cosine 
and  sine  functions,  and  will  be  linear  and  homogeneous  in  the  parameters  7h,  ,  •  •  •  ,  w„.  The  first  part 
gives  rise  to  the  so-called  secular  terms  and  the  second  part  to  the  periodic  and  long-period  terms. 
The  secular  terms  do  not  appear  in  the  case  of  the  elements  Uj ,  but  are  present  in  the  right  members 
of  all  the  other  element.s. 

The  differential  equations  will  now  be  integrated  as  power  series  in  /i  and  jh,,  •  ■  •  ,  m,,.  In 
order  to  simplify  the  details,  suppose  there  are  but  two  planets,  r»,  and  111,.,  and  U>  abbreviate  tlic 
notation  let 

(44) 


h,  =  x,  , 

l,  =  x. 

,      th  =  Xi    , 

l,  =  Xt 

Px^Vx  , 

Qx  =  Vi 

mi 

fh  =  yi 
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Then  the  differential  equations  become 
da 


=  jHj/i  (aj ,  a., ,  £, ,  £2 ,  Xi ,  tji ,  t)  (i=i,  2, 3,  4)  , 


^■{/uCoi,  «2,  --r,-,  Ui)  IJ-' +  m.y.n  (o, ,  a.^  +  m.,g^  (a,,  a,,  c, ,  c,,  ,t,,  ?/,.,  <)  , 
/    <^i  tj  («! .  a-i ,  Xi ,  2/,.)  ij.'  +  VI2  <t>i  ic  («! ,  a.2 ,  £1 ,  €2 ,  X; ,  i/i ,  t)  (/.■=i,  2, 3,  4)  , 

^m,f.,  (a,,  cij,  £,,  £2,  iCj,  2/,,  0   . 

=    7        <72;  («!,    «2,    a;,-,    yd    1^'  +  »h(J«2   («1.    0.2)   +   >lhg2    ("l  .    "s  ,    «!  ,    «2  .   -r,- .    «/,■  ,    0     » 
==^    </>2kj(ai,    O2,   d-,-,    2/,.)  /i^+  "'l<^2fc(«l.   «2,   '1,    «2.   -f,,    2/,-,   0     . 


d£, 

~dt 
dOa 

"d7 

de.j 

"di 

djh 
dt 


(45) 


The  functions  </)n.j.  and  <^.^^^  are  homogeneoixs  in  .r,.  and  ?/,.  of  degree _;'  -f-  1. 
The  solutions  are  to  have  the  form 


f,-  =^^  e'l' ■''•''■' iJ.'m{'mi''  (i=i, 2)  , 


(46) 


(j=l,2,3,  4)    , 


2/,-  =  ^    y^'''^-''''  fji.'  m{''rni'  (i=i,  2, 3,  4)  , 

where  the  al'''^''-\  e'/-''-'-',  x\'''^''-' ,  and  ij[''''-'^^  are  functions  of  the  time  to  be  determined.  Substi- 
tuting these  expressions  in  (45),  developing  the  right  members,  and  equating  corresponding  powers  of 
Hm^rn^,  it  is  found  that 

da?-"-"' 


(47) 


dt 

' 

rf  ^(0.0.0, 

dt 

^S'lo  «'•"•' 

II       „'"•"•">      -v."l.".W       „(0,0,0)\ 

(;  =  1,2,3,  4)    , 

dt 

=  <#>!  10  («!"■' 

"■"' ,  aj"'"'"',  a;]"'"''",  ^/r''"'"') 

(A;=l,2,3,4)    , 

da!,'-"-"' 
dt 

=  0  , 

dt^"-" 

=  Sf2ij(ai"''"'' 

II       „(0.I1,0)       „(U,0,l))       ,,(11,0, 0)\ 

dt 

rf,,  (0,0,0) 

^y-  =  <^2.o  (ar-'",  ar-'\  «•;"•»•"',  yr-'")  r 
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dal'-' 


dt 

de,"-"-'" 
dt 

dxl'-"-" 
dt 

daj'-"-" 
dt 

dt,"-"-" 
dt 

dt 

dai'-'-'" 
d^ 

d  »!"■■•'" 
d< 

dx^-'-"' 
dt 

dai"-'-"' 
dt 

dtS'-'-" . 
dt 

dy'r-" 
dt 

da',"-"-" 
dt 

dtj^-'-" 
dt 


0  , 


°£l»„(l.o.O)  _i_  l^„(i,o.O)    I    X''  Vz^t'^."-'"  J-  -^  1/"-"."'   I  -L  „     (n'"-"-'''     /tIK.o.")    -rW.0.0)    ,,(0,o.oi\ 


3^, 

a 


a,  9aj  4r^  L  "a;^  3i/.  J 

+  't'lkx  «■"■'".  o-r"'"',  a-;"'"-'",  yj"'"-"')  , 


0  , 


(48) 


dxS 


dt 

da?-"-'' 
dt 

dt^-"-" 
dt 

dvr-" 

dt 


,|ff?>„...o.o,  ^  |fi^ „...«.«.  ^  y  fexf''"-"'  +  |^°2/,"-"-"'l  +  £721  («r"-°',  a.r-»-»',  a-r»-"',  i/;"'"'"')  , 
ooi  oa-i  -^w  L"-''!  "!/i  J 

=  0  , 

4 

,  3^» „;o...o,  4.  ^. „ .. ..0,  +  V  r^ a.r'.»'  +  ^-p^  yr-  '^  , 
3a,  aoj  -^  L  9-^.-  °yi  J 

=/j«'°'°'.  a^"'"-'"-  tr-"'"'.  ^"•"•'".  ^r-"'"'.  ^Z.'"'''''".  0  .  (49) 

Da,  '    aoj  ^  \_Bxt  By,  J 

+  go2(ar-''-°',  a^'''''-'")  +  £/s(ar'°-'".  «s"'"-"'.  ^r"'"'-  ^"•''•°'.  a^.-"'"''".  J/.'"-"-"',  0  . 

= ^•<'- + ^< +±  [^•<-- + ^-"■'■•] 

I       J,        /„(0,0,0)      „m,0,0)      ,10,0,01       ,"1,0,01      ™I0,0,01      ,,(0,0,01      f\      , 
-  f    //.">.•.'»      /-f  ">.•>.<>'      ,10,0,0)     ,(0,0,0)       _  (0,0,0)      ,,(0,0,01      /\ 

-1-  ri      /«I0.0,0|      „(0,0,0)\      I       ,,     /„(0.0,"l      „™.0,01      ,(0,0,0)      ,(0,0,01       ~(0,0,0)      ,,(0,0,01      f\ 


+     A.        /■/i'0,0.01      -,(0,0,01      ,(0,0,01      ,(0,0,01      ^(0,0,0)      ,,(0,0,01      t\ 


(50) 


=  0  , 


-  aa, "'     +  aa,  "^     +lf  Idx.  ^'     +  ay,  «•     J  ' 
a«i  ''Wi  ^4^  L  aj-<  dy,         J 


136 


F.  R.  MouLTON  21 


The  proof  that  the  expansions  lead  to  the  precise  terms  wi-itten  depends  upon  the  form  of  the 
perturbative  function  when  expressed  in  these  variables,  and  it  will  be  assumed  here  that  it  is  known. 

Consider  the  integration  of  equations  (47),  (48),  (49),  and  (50).  From  the  first  and  fourth 
equations  of  (47)  it  follows  that  «;"•"•"'  and  af-"'"'  are  constants,  and  from  the  principles  of  §  5  that 
they  are  the  values  of  these  variables  at  /  =  0.  It  follows  from  the  form  of  the  secular  part  of  the 
perturbative  fmiction  that  e,  and  e^  are  not  involved  explicitly  in  the  right  members  of  equations  (47). 
Next  consider  the  iategration  of  the  third  and  sixth  systems  of  (47).  They  are  linear  with  constant 
coefficients,  and  their  integration  presents  no  difficulties.  The  detailed  discussion  -^  shows  that  all  of 
the  roots  of  the  characteristic  equation  are  pure  imaginaries  with  very  small  moduli.  Consequently 
the  xf-"'"'  and  the  j/;"'"'"'  are  purely  periodic  with  very  long  periods.  These  terms  are  precisely  the 
ones  found  by  Lagrange  in  his  discussion  of  the  secular  variations. 

Suppose  the  expressions  for  the  jc'"'"'"'  and  the  y;"'"'"'  are  substituted  in  the  right  members  of  the 
second  and  fifth  equations.  They  are  reduced  to  quadratures  and  can  be  at  once  integrated,  giving 
both  secular  and  periodic  terms  for  e"'-"-"'  and  ef'"'"'.  But  e,  and  e^  occur  only  in  the  combinations 
7(,/  +  e,  and  nj  +  e,  where  »i  and  »,  ai"^  the  mean  motions  of  the  planets  w,  and  m,;  therefore  the 
secular  terms  ia  this  element  will  produce  no  secular  terms  in  the  higher  terms  of  the  other  elements. 

Consider  equations  (48).  It  follows  first  that  al^-"'"'  and  o"'"'"'  are  constants,  and  from  the 
priuciples  of  §  5  that  they  are  zero.  The  x'^-"'"'  and  ^/t'"'"'  are  defined  by  linear  non-homogeneous 
differential  equations.  The  periods  of  the  complementary  functions,  which  are  defined  by  the 
coefficients  of  the  homogeneous  parts,  are  the  same  as  those  of  x'"-"-"'  and  ij'!''"'"*.  The  functions  </)n., 
and  ^2^.,  are  homogeneous  of  the  second  degree  iu  x'"-"'"'  and  J/]"'"'"'.  Therefore  a-f'"'"'  and  y'^'"'"'  will  be 
purely  periodic.  The  expressions  for  €;'■"•"'  and  e^'-"'"'  are  reduced  to  quadratures  and  contain  purely 
periodic  and  secular  terms. 

Consider  the  integration  of  equations  (49).  In  the  first  place,  o"''"'"'  is  a  constant  which  must  be 
zero  according  to  the  principles  developed  in  §  5. 

The  right  member  of  the  fourth  equation,  which  defines  a!"-'-"',  is  periodic,  the  time  being 
involved  in  the  form 

siu[/,(«,«  +  €,)  +  /2(».?  +  e,)]   ,  (51) 

where  /,  and  i,  are  integers  and  n,  and  n^  the  imdisturbed  mean  motions  of  the  two  planets.  The  time 
is  also  involved  through  e;"'"'"'  and  e^"'"-"',  each  of  which  contains  a  secular  term  and  series  of  periodic 
terms,  as  has  just  been  seen,  and  through  the  xf-"-"^  and  yf'°'"'  which  enter  in  the  coefficients  of  the 
sine  functions.  As  has  been  shown,  these  variables  are  periodic  with  very  long  periods.  Suppose  the 
^(0,0.0)  ^jjjj  y '/'•"•'"  are  replaced  by  their  trigonometric  expressions,  and  let  the  powers  of  the  cosines  and 
sines  be  reduced  to  cosines  and  sines  of  multiples  of  the  angles.  These  trigonometric  functions  will 
be  multiplied  by  'those  of  the  type  (51).  Suppose  the  products  are  reduced  to  cosines  and  sines  of 
the  sums  and  difiPerences.  The  final  result  will  be  purely  periodic,  unless  the  coefficients  of  t  in 
some  term  derived  from  the  a-f'"'"'  and  i/f'"'"'  has  the  same  numerical  value  as  the  coefficient  of  ^  ia 
some  term  of  the  type  (51).  But  the  coefficients  are  very  unequal  in  all  the  terms  which  have 
coefficients  of  sensible  magnitude,  and  it  would  require  particular  values  of  the  masses  and  the 
osculating  o,.'s  that  this  condition  should  be  fulfilled  for  any  term  whatever.  If  it  were  fulfilled,  a 
slightly  different  epoch  could  be  taken,  so  that  it  would  not  be  exactly  fulfilled.  Since  the  osculating 
elements  cannot  be  exactly  determined,  it  may  always  be  supposed  that  the  coefficients  will  in  no  case 
be  numerically  equal.  This  is  somewhat  similar  to  the  assumption  that  there  are  no  secular  terms  in 
the  case  of  the  element  a  in  the  ordinary  method  of  treatment.  It  follows  from  this  that  a.;"-''"' 
involves  the  time  only  under  the  cosine  or  sine  function. 

The  equations  which  define  the  x'^-^-"'  and   «/i°'''°'  are  linear  and  non-homogeneous.     The   first 

23  See  TissEEAND,  Micanique  cileste.  Vol.  I,  chap.  xxiv. 
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terms  of  the  right  members  are  purely  periodic,  the  same  as  in  the  case  of  the  right  member  of  the 
fourth  equation.  The  complementary  functions  are  the  same,  except  for  the  constants  of  integration, 
as  in  the  expressions  for  a-™-"-"'  and  >/'■'•''•'".  The  particular  integrals  will  be  composed  of  terms  of  the 
same  periods  as  those  which  apjiear  in  the  first  two  terms  in  the  right  membei-s.  The  complete 
integrals  are  the  sums  of  the  complementary  functions  and  the  particular  integrals.  The  constants  of 
integration  are  determined  by  the  conditions  that  the  x)"''-"'  and  J/f''""'  shall  nil  vanish  at  /  ^  0. 

Substituting  the  expressions  for  a'"''-"',  jr'"-'-"',  of'"'"',  and  yj"'''"'  in  the  right  members  of  the  second 
and  fifth  equations,  they  are  reduced  to  (juadratures  and  can  be  at  once  integrated,  giving  both 
periodic  and  secular  terms  for  ej"-'-"'  and  ej"''"'. 

Equations  (50)  can  be  treated  in  a  precisely  similar  manner,  since  they  differ  from  (4'.1)  only  by  a 
permutation  of  the  indices  1  and  2.  If  there  are  more  than  two  planets,  the  right  members  of 
equations  (49)  and  (50)  contain  more  functions  of  the  same  type,  one  coming  from  each  planet,  and 
there  is  a  set  of  equations  similar  to  (49)  and  (50)  for  each  planet. 

The  terms  of  the  second  order  are  the  coefficients  of  fi' .  /ii*»,,  M'"-.  '»;•  '»i'»2,  and  )id.  It  is 
possible  to  determine  the  character  of  these  terms  without  writing  out  explicitly  tiie  difFerential 
equations  by  which  they  are  defined.  It  will  be  convenient  to  have  the  results  already  attained  stated 
together  for  reference. 

a,"'"'"'  and  cd"-"''"  are  constants,  the  values  of  the  major  semi-axes  at  t  =0. 

^(0,0,0)  jjjjjj  yl"'"'"'  are  purely  periodic,  with  very  long  periods. 

cj"'"-"'  and  el"'"-'"  contain  both  periodic  and  secular  terms. 

oj'"-"'  and  a^' '•■°'  are  zero. 

x'^'"'"'  and  y',^'"'"  contain  only  periodic  terms. 

£['■"•'"  and  ej'"'"'  contain  periodic  and  secular  terms. 

a,'"'"' is  zero. 

a™'"'"'  contains  only  purely  periodic  terms. 

x™""'°'  and  y'^-'-'"  contain  only  periodic  terms  of  two  types,  short-period  terms  and  very  long-period 
terms. 

ej"-'-"'  and  e™''-"'  contain  both  purely  periodic  and  secular  terms. 

«]"•"•  '•  contains  only  purely  periodic  terms. 

af»"iszero. 

x'l"'"'"  and  2/)°'°'''  contain  only  periodic  terms  of  two  types,  short-period  terms  and  very  long-period 
terms. 

€''•"■"  and  e"""  contain  both  purely  periodic  and  secular  terms. 

Consider  the  coeflficients  of  fi^.  It  follows  from  (45),  and  the  fact  that  all  these  coefficients  must 
vanish  at  /  =  0,  that  a','"'"  =  a;,''"-"  =  0.  The  a-)'"'"'  and  y'^-"'"'  are  defined  by  linear  non-homogeneous 
differential  equations.  The  non-homogeneous  parts  contain  periodic  terms,  some  of  whose  periods  are 
the  same  as  in  the  complementary  functions.  Consequently  the  x"'"'"'  and  ^y]^'""'  contain  purely 
f)eriodic  and  Poisson  terms,  and  e|'-" "'  and  €,'■"•"'  contain  periodic,  Poisson,  and  secular  terms.  The 
character  of  the  coefficients  of  the  other  terms  of  the  second  order  can  be  (Iclcitiiincd  in  llic  same 
manner.     It  wouhl  be  of  no  value  to  write  them  out  here. 

The  results  which  have  been  obtained  are  as  follows:  The  major  axes  have  no  secular  or  Poisson 
terms  of  the  first  order,  and  the  periodic  terms  arc  ail  of  short  period,  except  the  usual  long-period 
terms.  The  x,  and  y,  of  order  zero  and  one  contain  only  purely  periodic  terms.  The  terms  of  order 
zero  are  precisely  the  very  long-period  terms  found  by  Lagrange.  The  periodic  terms  of  the  first 
order  are  of  two  cla.sses,  the  very  long-period  terms  and  the  short-period  terms.  The  latter  are  not 
precisely  those  found  in  Lagrange's  theory,  for  their  [)eriods  have  been  modified  a  very  little  by  the 
very  long-pf'riod  terms.  If  the  Lagrangian  method  is  valid  at  all,  its  realm  of  validity  is  almost 
certainly  much  more  restricted  than  that  of  this  method.     The  short-[)eriod  terms  in  the  Lagrangian 
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method  are  computed  with  the  osculating  elements  in  the  right  members.  Suppose  now  the  lines  of 
nodes  and  lines  of  apsides  actually  rotate  as  the  terms  of  order  zero  indicate.  The  result  will  be  that 
when  half  revolutions  have  been  performed  the  Lagrangian  short-period  terms  will  be  precisely 
opposite  to  what  they  should  be,  and  it  is  very  doubtful  whether  the  whole  process  converges  for  such 
a  time.  On  the  other  hand,  the  slight  corrections  to  the  periods  introduced  by  the  methods  given 
here  exactly  take  into  account  the  effects  of  these  rotations,  so  that  the  short-period  terms  are  nearly 
correct  for  very  long  intervals  of  time.  For  short  intervals  of  time  the  two  methods  give  sensibly  the 
same  results  up  to  the  terms  of  the  second  order.  That  it  is  not  necessary  to  take  into  account  the 
relations  of  the  nodes  and  apsides  for  practical  purposes  follows  only  from  the  fact  that  the  motions 
are  so  slow  that  they  do  not  atfect  the  perturbations  sensibly  for  a  long  time.  However,  in  the  case  of 
the  moon,  where  the  corresponding  motions  are  very  rapid,  they  have  been  included  by  nearly  every 
lunar  theorist.'"'*  The  case  is  not  fundamentally  different  from  this,  although  the  artifices  employed 
to  accomplish  the  results  are  entirely  distinct.  Thus  this  method  leads  to  terms  of  the  same  form  as 
found  by  Lagrange,  it  is  proved  to  be  valid  for  a  positive  finite  interval  of  time,  and  the  period  for 
which  it  is  valid  is  probably  much  longer  than  that  of  the  method  of  Lagrange,  if,  indeed,  it  is 
possible  to  make  the  latter  the  first  step  in  a  general  process  which  converges  for  any  value  of 
the  time. 

It  is  seen  that  the  Poisson  and  secular  terms  appear  in  the  terms  of  higher  order,  so  that  even  the 
form  of  the  solutions  does  not  apparently  indicate  stability.  The  conclusion  is  certain  that  there  are 
at  present  no  mathematical  proofs  of  the  permanent  stability  of  the  solar  system,  although  the  results 
given  here  prove  that  the  present  general  configurations  will  be  changed  very  slowly,  if  at  all.  The 
problem  awaits  fiirther  perfection  of  mathematics,  and  the  fact  that  the  initial  conditions  cannot  be 
exactly  determined  may  perhaps  render  the  problem  of  stability  forever  incapable  of  solution,  jiist  as 
it  is  impossible  to  decide  whether  the  major  axes  have  secular  terms  of  the  first  order,  because  it 
cannot  be  determined  whether  the  mean  motions  are  exactly  commensurable  or  not. 

§8.    THE  METHOD   OP  SMALL   VARL\TIONS 

Suppose  the  solutions  of  a  system  of  differential  equations  can  be  found  for  particular  initial 
conditions.  Then,  if  the  actual  initial  conditions  differ  only  a  little  from  the  particular  ones,  the 
actual  co-ordinates  will  differ  only  a  little  from  those  given  by  the  first  solution,  at  least  for  a  time. 
The  method  of  finding  the  deviations  from  solutions  defined  by  particular  initial  conditions  will  be 
termed,  for  convenience,  the  method  of  small  deviations.  It  remains  to  be  shown  that  under  certain 
conditions  these  small  deviations  can  be  represented  by  convergent  power  series  within  certain 
time  limits. 

Suppose  the  differential  equations  to  be  solved  are 

^  =  X,(a-,,  •  •  ■  ,a-„,<)  o:=i,...,„).  (52) 

Suppose  it  is  known  in  some  way  that  for  .r,  =  jr'°'  as  initial  conditions  the  solutions  of  (52)  are 

Xi  =  fi{t)  («=i,  ••■,«)  ,  (53) 

which  will  be  supposed  to  be  valid  for  all  /  equal  to  or  greater  than  zero  and  less  than  T.  Suppose 
the  actual  initial  values  of  the  co-ordinates  are  x'"'  -\-  ea.,  where  the  a^  are  small  and  e  is  a  parameter 
which  is  to  be  put  equal  to  unity  in  the  final  results.  Let  the  values  of  the  co-ordinates  under  these 
conditions  be 

x,^ft{t)  +  ^^<  (54) 

2<See  Brown,  Lunar  Theory,  p.  52. 
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where  the  f,  are  the  corrections  to  be  determined.     Substitute  (54)  in  (52)  ami  expand  in  ])o\vers  of 
^j,  and  it  will  be  found  that 

t  -ry  =  ^  ^  K—^  '^j  +  higher  powers  in  tij  (55) 

whose  coefficients  depend  on  the  partial  derivatives  of  JT,.   with    respect  to  .Vj.     Suppose  that    for 
^.  =  Oj  the  right  members  of  (55)  converge  for  0  ^  f  <  T. 

Consider  the  integration  of  equations  (55)  as  power  series  in  the  parameter  e.  These  equations 
fulfil  all  the  conditions  imposed  upon  those  treated  in  §5;  consequently  the  solutions  may  be 
represented  by  series  of  the  form 


^.=X^'''' '  (^6) 


where  ^'/'  are  functions  of  /,  and  where  the  series  (5G)  converge  for  all  0  ^  /<  /„,  where  /„  is  a 
positive  number.  In  general,  the  smaller  the  differences  between  the  particular  initial  conditions 
giving  the  solutions  (53)  and  the  actual  initial  conditions,  the  larger  is  the  value  of  /„. 

Suppose  the  solutions  (53)  are  periodic  and  valid  for  all  finite  values  of  the  time.     Then  the 
equations  determining  the  deviations  of  the  first  order  from  the  periodic  solution  are 


dt 


=21^^"'       '^-■•■•'"-  (^^) 


where  the  coefficients  of  this  linear  homogeneous  system  are  periodic  functions.      The  solutions  of  this 

system  will  be  periodic  with  the  period  depending  on  the  coefficients  and  period  of  g — .     If  these 

partial  derivatives  contain  a  constant  term,  as  they  do  in  most  practical  problems,  and  if  the 
coefficients  of  the  periodic  terms  involve  powers  of  a  small  parameter  m,  then  the  period  of  the 
solutions  of  (57)  will  differ  from  that  which  would  be  obtained  by  neglecting  the  periodic  terms  by 
powers  of  m. 

The  deviations  of  the  second  order  are  determined  by  the  equations 

which  are  linear,  but  not  homogeneous.  If  any  second  term  in  the  right  member  contains  an 
expression  of  the  same  period  as  the  ^j"  would  have  without  the  non-linear  part,  then  the  solutions  for 
f;"  will  contain  Poisson  terms;  otherwise  the  ^'}'  will  be  periodic.  If  Poisson  terms  enter  in  the 
I;",  then  the  f)"  will,  in  general,  contain  secular  terms  and  t(^rms  of  the  ty{)e  c,  f  ^J,"  (Cj/  +  o^).  The 
higher  terms  will,  in  general,  contain  secular  terms  of  higher  degree  and  Poisson  terms  containing 
higher  powers  of  /  in  their  coefficients.  Although  this  method  gives  rise  to  such  terms,  it  ncitlier 
shows  that  it  is  not  valid  nor  that  the  motion  under  consideration  is  unstable;  all  that  can  be  said  is 
that  it  is  valid  if  the  time  interval  is  not  taken  too  great. 

Instead  of  determining  the  deviations  from  particular  solutions  of  the  general  differential 
equations,  which  in  general  can  be  found  only  with  great  difficulty,  certain  terms  in  the  right 
members  may  be  omitted  until  the  variations  fr<jni  Die  approximate  motion  are  conii>uted.  Su])]>ose 
the  differential  equations  of  motion  are 


dx, 
'dt 


i  =  z;"'  +  2^  ^'"  1^'  ''='•      • "'  '  (^^) 
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where  ^  is  a  parameter.      Suppose   that   the  right  members  are  convergent  power  series  when  the 
a;,-  have  their  initial  values  for  0  ^  /  <  T". 
Suppose  the  differential  equations 

^  =  xr  Ci=i,  ■•■.«)  (60) 

are  integrated,  giving  for  the  particular  initial  conditions  ,r,  ^  x'"'  the  periodic  solutions 

a^,  =  /.W.  (61) 

valid  for  all  finite  values  of  the  time. 

Suppose  the  actual  initial  values  of  the  variables  x^  =  xf  +  ea.,  where  the  o,.  are  small  and  e  is  a 

parameter  which  is  to  be  put  equal  to  unity  in  the  final    result.      The  actual  co-ordinates  at  any 

time  are 

Xi=fAt)  +  ^^i,  (62) 

where  the  ^,.  are  unknown  functions  of  the  time  to  be  determined.  For  this  purpose  substitute  equations 
(62)  in  (59)  and  develop  the  right  members  as  power  series  in  e  and  /u..  These  series  will  converge  for 
sufficiently  small  values  of  ^,  and  fi,  if  the  X'/'  are  analytic  functions  of  the  x^  and  regular  for 
X.  =  xf,  while  t  varies  from  0  to  T.  These  conditions  will  always  be  fulfilled  in  the  problems  in 
which  practical  applications  of  this  method  would  be  desirable.  After  these  transformations  the 
differential  equations  become 


dt 


^xj^'^'^V^'^"  a=i,  ■■■,«)  .  (63) 


In  accordance  with  the  principles  of  ^  5,  these  equations  can  be  integrated  as  power  series  in  /x  and  e 
which  converge  for  0  <  /  <  /„,  the  value  of  ^  depending  on  the  coefficients  of  the  differential 
equations,  the  a.  and  fx  and  e.  As  in  the  preceding  case,  Poisson  and  secular  terms  will,  in  general, 
appear  in  the  higher  terms  when  the  integration  is  carried  out  in  this  manner. 

Hill's  method  of  treating  the  lunar  theory  is  in  its  essential  features  in  agreement  with  the 
processes  which  have  just  been  explained.  He  neglected  in  the  right  members  of  the  differential 
equations  all  terms  containing  the  latitude  of  the  moon,  the  eccentricity  of  the  sun's  orbit,  and  the 
ratio  of  the  distance  of  the  moon  from  the  earth  to  that  of  the  sun — qiiantities  which  play  the  role  of 
parameters,  and  then  found  periodic  solutions  of  the  resulting  differential  equations  by  properly 
determining  the  initial  conditions.  These  solutions  which  give  the  variational  orbit  correspond  to 
equations  (61).  They  were  found  with  rare  ingenuity  and  great  precision  by  Hill.'"  The  part  of  the 
motion  of  the  perigee  depending  on  the  ratio  of  the  mean  motions  of  the  sxin  and  moon  and  on  the 
first  power  of  the  eccentricity  of  the  moon's  orbit  was  also  found  by  Hill"'^  with  great  accuracy.  This 
motion  introduces  changes  in  the  variational  co-ordinates.  The  corresponding  terms  in  this  method 
are  obtained  by  letting  in  the  solutions  of  (63),  which  are  of  the  form 

;■  =  0  and  A'  =  0.      The  differential  equations  which  define  these  terms  are 

fltfO.O) 

^^ii— ^Xf'"'^'"-"'  ,  (65) 

dt 

where  the  Xf'"'  are  periodic  functions  of  the  time.  The  solutions  of  this  linear  system  are 
periodic  with  a  period  whose  difference  from  that  of  the  X'"-"'  gives  this  part  of  the  motion  of 
the  perigee. 

25  American  Journal  of  Mathematics,  Vol.  I.  26  Acta  Uathematica,  Vol.  VIII. 
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-  haw  to  «  considerable  extent  been  carried  oat  bv  Brown,  bat  the 

v5;-^-:::  fTV»m  that  cmtlinevi  hen?.    The  form  of  the  solutions  is  &s?umeii. 

-    _  -  -  f  earlier  lunar  theorists,  the  final  results  beinir  expresse*.! 

..  •--.b;  that,  from  a  practical  point  of  view,  this  is  more 

_         "         lid  secular  terms  with  coefficients  of  low  order  in  the 

...  ^. —  .--  „L.jastiQed.  and  the  series   attained  ai^  rerr  probablv 

-  -jse. 

"    "       "     "      ■'  -^-  "  -^  a  more  exact  j>?riodic  solution  than  the 

:.^  ov-utiisions,  one  which  includes  mor*  of 

.;.:.,:.>,  i::.-.  :.~-.n  computinir  the  deviations  from  this  orbit. 

— .^t  be  obtained  which   are  rigorous  for  a  long  interval 
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RADIAL  VELOCITIES  OF  TWENTY  STARS 


RADIAL  VELOCITIES  OF  TWENTY  STARS  HAVING  SPECTRA  OF  THE 

ORION  TYPE 

Edwin   B.   Frost   and   Walter  S.   Adams 

INTRODUCTION 

The  determination  of  the  velocity  of  a  star  in  the  line  of  sight  according  to  Doppler's  prin- 
ciple was  first  attempted  by  Huggins  in  1868.  His  observations  were  followed  by  those  of  Vogel 
three  years  later,  and  the  validity  of  the  method  may  be  considered  to  have  been  established  by  these 
investigations,  together  with  others  dealing  with  the  motions  of  planets  and  the  rotation  of  the  Sun. 
Visual  observations  of  the  displacements  of  the  lines  in  stellar  spectra  from  the  positions  of  corre- 
sponding lines  in  the  spectrum  of  a  vacuum  tube  are,  however,  of  extreme  difBculty,  and  measurements 
which  can  be  regarded  as  at  all  accordant  are  only  possible  with  the  most  powerful  telescopes  and  the 
brightest  stars.  It  was  not  until  the  photographic  method  was  applied  to  this  class  of  observations 
by  Vogel  in  1887  that  results  of  an  accurate  character  were  obtained.  The  determinations  of  the 
radial  velocities  of  fifty- one  stars  by  Vogel  and  Scheiner,  described  in  detail  in  the  seventh  volume  of 
the  Publicationen  des  AstrojjJnjsikalischni  Observatoriums  zu  Potsdam,  constitute  the  foundation  of 
the  modern  methods  of  observing  stellar  motions  in  the  line  of  sight. 

The  next  great  advance  was  made  by  Campbell  in  his  design  of  and  work  with  the  Mills  spectro- 
graph of  the  Lick  Observatory,  described  in  the  Astroph>jsical  Journal,  Vol.  VIII  (1898),  pp. 
123-56.  The  use  of  iron  as  a  comparison  spectrum  (previously  tried  by  Vogel  and  by  Deslandres, 
but  not  regularly  employed  by  them),  together  with  the  closest  attention  to  the  optical  and  mechanical 
construction  of  the  instrument  and  great  refinement  in  the  measurement  of  the  plates,  enabled  Campbell 
to  increase  greatly  the  accuracy  of  the  determinations,  so  that  the  natural  unit  became  the  kilometer 
per  second,  instead  of  the  sevenfold  greater  German  geographical  mile  employed  by  Vogel. 

The  necessity  for  the  greatest  attainable  rigidity  of  the  spectrograph,  to  prevent  flexure,  and 
for  the  maintenance  of  the  prisms  at  a  constant  temperature,  became  apparent  from  the  experience 
of  all  observers  engaging  in  spectrographic  work,  and  has  led  to  further  improvements  in  the  cur- 
rent type  of  spectrograph,  and  tended  to  increase  still  further  the  precision  of  measurements  of 
radial  velocities.  The  observations  given  in  the  present  jiaper  constitute  a  part  of  the  first  year's 
work  with  the  Bruce  spectrograph  of  the  Yerkes  Observatory,  which  was  completed  in  the  autumn  of 
1901,  and  has  since  then  been  systematically  used  in  determining  stellar  motions  in  the  line  of  sight. 

The  spectra  of  the  Orion  type  are  of  an  especial  interest  to  the  astrophysicist,  as  they  seem 
unquestionably  to  occupy  a  position  very  early  in  the  scale  of  stellar  evolution.  Their  chemical  con- 
stitution is  simple,  the  chief  elements  showing  lines  being  hydrogen,  helium,  oxygen,  silicon,  nitrogen, 
and  magnesium.  The  presence  of  helium  is  the  principal  characteristic  of  the  type,  whence  they  are 
frequently  called  helium  stars.  The  broad  and  diffuse  nature  of  most  of  the  lines  in  these  spectra 
renders  them  less  adapted  to  precise  measurement  for  radial  velocity ;  moreover,  the  dispersion  of  the 
Bruce  spectrograph  is  rather  high  for  such  lines,  so  that  it  is  quite  out  of  the  question  to  expect  any 
such  accuracy  in  the  determined  velocities  as  may  be  obtained  for  stars  of  the  solar  type.  A  judgment 
as  to  the  accuracy  reached  with  this  instrument,  and  with  the  methods  employed  in  measuring  and 
reducing  the  plates,  should  be  based  upon  the  results  given  in  the  section  on  the  control  plates  of 
the  Moon,  planets,  and  certain  standard  stars  of  the  solar  class  (pp.  18-32).  The  optical  features  of 
the  Bruce  spectrograph  were  especially  planned,  however,  to  cover  a  region  of  spectrum  not  naturally 
included  by  most  of  the  large  spectrographs  engaged  in  line  of  sight  work,  and  this  region  (centering 
near  the  strong  helium  line  at  X-l-lTl  and  the  characteristic  magnesium  line  at  XliSI)  was  chosen  as 
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particularly  well  suited  for  work  on  stars  of  the  Orion  type.  These  stars,  furthermore,  have  hitherto 
been  little  observed  for  radial  velocity,  so  that  the  field  is  a  comparatively  open  one.  The  twenty 
stars  included  in  this  paper  were  not  chosen  by  any  definite  principle  of  selection,  but  merely  represent 
those  stars  of  which  three  or  more  spectrograms  have  been  obtained  during  the  past  year,  from  an 
observing  list  of  something  over  one  hundred  stars  shown  to  be  of  the  Orion  type  by  the  investiga- 
tions of  Vogel  and  Wilsing.'  But  stars  of  this  type  previously  known  to  be  spectroscopic  binaries, 
and  those  which  have  been  found  to  be  such  during  the  progress  of  this  work,  have  been  excluded 
from  the  list.     These  last  nameti  are  six  in  number,  and  will  be  discussed  in  duo  time  elsewhere. 

INSTRUMENTS 

The  Bruce  spectrograph  was  designed  and  largely  constructed  at  the  Observatory,  with  funds 
provided  by  the  late  Miss  Catherine  W.  Bruce,  of  New  York  city,  amounting  to  twenty-three  hundred 
dollars,  supplemented  by  a  grant  of  five  hundred  dollars  from  the  Eumford  fund  of  the  American 
Academy  of  Arts  and  Sciences.  As  a  detailed  description  of  the  spectrograph  has  already  been  pub- 
lished,' it  will  be  necessary  to  recall  here  only  some  of  the  essential  features  of  the  instrument  and 
its  use  in  connection  with  the  great  Yerkes  refractor.  A  correcting  lens  of  57  mm.  aperture  is  placed 
in  the  cone  of  rays  from  the  forty-inch  objective,  at  a  distance  of  about  100  cm.  from  the  slit,  and 
unites  the  rays  so  that  the  spectrum  of  a  star  is  of  uniform  width  for  about  100  tenth-meters  on  cither 
side  of  X4500. 

The  triple  collimatiug  lens,  of  51  mm.  aperture  and  958  mm.  focus,  was  replaced  during  the  year 
by  a  quadruple  '"isokumatic"  lens,  designed  by  Professor  Hastings,  which  was  originally  ordered  but 
could  not  then  be  supplied.  The  new  collimator  is  of  the  same  aperture  and  focus,  and  slightly 
increases  the  field  of  good  definition,  which  was  already  quite  satisfactory. 

The  three  prisms  are  of  specially  annealed  Jena  glass,  figured  by  Brashear,  and  have  angles  of 
64°34:',  with  an  index  for  \  =  4500  of  jj  =  1.6724.  Their  size  is  such  as  to  transmit  the  full  beam 
from  the  collimator  of  51  mm.  diameter,  with  allowance  for  the  increased  size  of  the  beam  after  dis- 
persion in  the  first  and  second  prisms. 

Two  cameras  are  provided  with  the  instrument ;  A,  a  Zeiss  anastigmat  of  71  mm.  aperture  and 
449  mm.  focus  ;  and  B,  a  Hastings  triple  of  76  mm.  aperture  and  607  mm.  focus.  The  two  series  of 
plates  taken  with  the  spectrograph  are  designated  as  A  and  B  according  to  the  camera  lens  employed. 
The  range  of  fair  focus  is  somewhat  greater  in  (tenth-meters)  for  the  shorter  camera,  but  the 
superior  scale  of  camera  B  gives  it  the  advantage  in  the  range  covered.  The  photograj)hic  "speed" 
of  the  two  cameras  is  practically  identical :  the  same  exposure-time  is  required  for  the  same  object 
under  equal  atmospheric  conditions.  We  account  for  this  unex[)ected  circumstance  by  the  losses  of 
light  on  passing  through  the  five  component  lenses  of  the  anastigmat. 

Camera  B  has  given  us  serious  trouble  by  becoming  astigmatic  at  intervals,  without  any  known 
cau.se  external  to  the  lens.  We  have  attributed  this  to  strain  produced  by  the  cement  (balsam),  and  the 
notes  under  the  "journal  of  observations"  show  that  the  lens  has  been  several  times  recemented  by  the 
maker.  When  a  trial  plate  shows  any  defective  performance  of  camera  B  (commonly  fringes  on  the 
sides  of  the  comparison  lines ) ,  camera  A  is  always  used.  It  should  be  mentioned  here  that  we  find 
it  much  more  accurate  and  satisfactory  to  test  a  lens  by  photographing  the  emission  lines  from  metallic 
electrodes  rather  than  the  absorption  lines  of  the  solar  spectrum.  Of  tlie  phites  referred  to  in  this 
paper  fifty-four  have  been  taken  with  A  and  eighty-two  with  B. 

The  principal  changes  which  have  been  made  in  the  instrument  since  the  descriptive  artich'  was 
written  (in  December,  1901)  for  the  Astrophysical  Journal  [lot:  cit.)  are  the  following: 

■  "CDtcrsDchanKcn  Dbcr  die  Spectra  von  .52S  Slerncn,"  Pulilicn-  ^Edwis  B.  Fbost,  "The  Bruco  SpcctroKrnph  of  the  Yerkes  Ob 

tionen  da  Attrophynkaluchcn  Obtematorium*  zu  Poltdam,  Bd.  XII,       si.Tvatory,"  AatrophyticcU  Journal,  Vol.  XV  (11)02),  pp.  1-27. 
Theii  I. 
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The  bar  containing  the  windows,  which  determine  the  length  of  slit  used  at  a  given  exposure 
(a  single  window  for  the  star-light,  a  double  window  for  spark-light),  has  been  placed  slightly  in  front 
of  the  slit  instead  of  behind  it,  as  formerly.  This  made  the  tips  of  the  spark  lines  much  sharper 
than  they  had  been  previously. 

To  insure  the  full  and  uniform  illumination  of  the  collimator  lens  by  the  light  from  the  source 
of  comparison  spectrum,  two  changes  and  two  additions  have  been  made.  The  use  of  the  concave 
mirror  to  project  the  image  of  the  spark  or  tube  upon  the  slit  has  been  abandoned,  as  the  electrodes 
themselves  cut  out  an  appreciable  amount  of  the  cone  from  the  mirror,  and  admitted  the  possibility  of 
non-imiform  illumination  of  the  collimator.  The  simple  biconvex  lens  originally  provided  as  an 
alternative  has  been  regularly  used  for  all  of  the  later  plates  described  in  the  journal  of  observations. 

The  plane  silvered  mirror  at  iirst  used  to  reflect  the  comparison  light  90°  downward  into  the 
slit  has  been  replaced  by  a  diagonal  prism. 

A  small  ground  glass  ditf using  screen  has  been  mounted  20  mm.  in  front  of  the  slit,  and  is  turned 
into  position  when  the  comparison  spectrum  is  being  photographed.  This  should  insure  a  uniform 
source  filling  a  much  larger  angle  than  that  subtended  at  the  distance  of  the  slit  by  the  coUimating 
lens,  and  it  has  proved  entirely  satisfactory.  The  idea  was  taken  from  the  Potsdam  spectrograph, 
where  a  ground  glass  screen  diffuses  the  light  from  the  arc  lamp  which  there  serves  as  the  source 
of  the  comparison  spectrum. 

For  testing  the  illumination  of  the  collimator  Campbell's  practice  has  been  followed  of  placing  a 
photographic  plate  in  a  small  holder  directly  over  the  aperture  of  the  lens.  The  exposure  is  then  made 
to  the  light  of  the  spark.  The  negative  gives  a  much  more  satisfactory  test  of  the  illumination  than  is 
possible  by  the  usual  visual  method. 

The  method  of  guiding  during  the  exposure  on  the  star,  by  the  light  reflected  from  the  sym- 
metrically inclined  slit- jaws,  has  proved  very  satisfactory.  When  desired,  the  observer  can,  by  simply 
turning  a  pinion,  throw  into  the  guiding  telescope  the  light  of  the  star  or  spark  reflected  at  the  first 
surface  of  the  first  prism.  The  method  thus  combines  the  advantages  of  the  methods  of  Huggins  and 
of  Vogel. 

The  temperature  case  which  envelopes  the  whole  spectrograph  has  also  given  entire  satisfaction 
in  its  operation.  Although  the  electric  heating  is  not  automatic,  it  has  not  been  found  too  much  of 
an  inconvenience  for  the  observer  to  read  the  thermometers  from  time  to  time  during  an  exposure, 
and  to  turn  on  the  current  as  necessary.  A  change  of  1°  C.  in  the  temperature  within  the  outer 
case  usually  causes  a  change  of  about  0?1  within  the  inner  case  (prism-box). 


THE  PLATES  OF  SPECTRA 
The  dispersion  and  scale  of  the  plates  for  cameras  A  and  B  are  as  follows: 


Angulae  Dis- 
persion FOE 
One-Tenth 

Meter 

Tenth-Meters  pee  mm. 

Length 

Camera  A 

Camera  B 

4300 
4500 
4700 

45.-7 
.33.8 
26.0 

10.0 
13.5 
17.6 

7.4 
10.1 
13.1 

A  test  of  the  practical  separation  of  close  lines  in  the  solar  spectrum,  photographed  on  fine- 
grained plates,  gave  almost  identical  results  with  those  described  for  the  Mills  spectrograph  and  the 
largest  Potsdam  spectrograph.  On  the  fastest  plates,  which  are  used  for  stellar  spectra,  the  least 
separable  distance  is  of  course  less,  and  is  about  0.2  tenth-meters  at  the  center  of  the  plate  (X.4480). 

The  range  of  spectrum  in  sufficiently  sharp  focus  for  determining  displacements  for  velocities  is 
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on  properly  exposed  plates — for  Camera  A,  from  about  X4300  to  \4700;  for  Camera  B,  from  about 
X  4340  to  X  4700.     For  merely  qualitative  work,  the  range  usable  would  be  considerably  greater. 

The  plates  used  were  Seed's  "Gilt  Edge"  27,  and  Cramer's  "Crown."  At  the  close  of  the 
period  covered  here  Seed's  double-coated,  non-halation  plates  were  tried,  with  very  satisfactory  results. 
The  size  of  the  negatives  is  l§in.  x4  in.  (42x102  mm.).  The  developer  employed  was  rodiual  or 
hydrochinon,  commonly  the  former. 

Comparison  spccfrum. — The  rotating  drum  of  the  spark  apparatus  provides  for  the  use  of  three 
metallic  electrodes  and  a  vacuum  tube.  On  the  plates  discussed  in  this  paper  we  have  always 
employed  titanium,  and  sometimes,  in  addition,  iron  or  chromium  electrodes,  or  the  helium  tube  (which 
contains  hydrogen  as  an  impurity  and  gives  also  the  hydrogen  lines).  We  have  used  titanium  in 
preference  to  iron  for  the  standard  comparison  spectrum  for  the  past  three  years,  and  obtain  with  it 
sharper  and  more  numerous  lines  in  the  region  of  spectrum  covered  than  with  iron.  In  order  to 
suppress  the  air  lines  when  iron  is  used,  a  small  self-induction  coil  was  constructed  in  1899  by  Leeds 
&  Co.,  of  Philadelphia,  according  to  specifications  of  Frost.  It  has  an  outer  diameter  of  about  40  mm. 
and  a  length  of  about  42  cm.  and  is  separated  into  sections  with  binding  posts,  so  that  50,  100,  200, 
or  500  turns,  or  any  combination  of  them,  may  be  used.  There  is  no  core.  The  coils  are  insulated  in  the 
same  manner  as  for  the  secondary  of  an  induction  coil.  The  air  lines  with  the  iron  spark  are  greatly 
cut  down  when  fifty  turns  are  used,  and  can  be  entirely  su{)pressed  with  a  greater  number  of  turns. 
The  lines  of  the  other  metallic  spectra  ax"e  also  rendered  sharper  by  the  use  of  the  self-induction. 

The  current  for  the  primary  of  the  induction  coil  furnishing  the  current  for  the  spark  is  taken 
from  the  110-volt  mains,  and  is  reduced  by  properly  arranged  resistance  coils  so  that  from  four  to 
fourteen  volts  can  be  tapped  off.  The  induction  coil  is  stationary,  and  the  secondary  current  is  carried 
in  an  excellent  cable,  reaching  the  spectrograph  in  any  position  of  the  telescope  with  com[)anitive!y 
little  loss  of  potential. 

MEASUKIXG  MACHINES 

All  our  measurements  of  spectra  were  formerly  made  with  the  familiar  Zeiss  comparators,  having" 
two  microscopes,  one  for  the  negative  and  the  other  for  the  graduated  scale.  While  these  instru- 
ments are  excellent,  and  have  the  advantage  of  depending  upon  an  invariable  scale  instead  of  a 
screw,  they  are  nevertheless  rather  slow  in  action,  and  the  eye  is  strained  in  alternating  between  the 
microsco[)e3  with  their  different  degrees  of  illumination  of  field.  In  1901  two  screw  machines  were 
therefore  ordered  from  William  Gaertner  &  Co.,  of  Chicago,  according  to  specifications  by  Professors 
Hale  and  Frost,  and  they  have  been  almost  exclusively  used  in  the  measurements  covered  by  this 
paper.  An  idea  of  the  instrument  may  be  gained  from  the  accompanying  plate.  The  box  casting 
is  23  cm.  long,  8.5  cm.  wide,  and  5  cm.  deep.  To  this  the  microscope  is  attached  at  an  angle  con- 
venient for  obser\-ing.  The  stage  or  plate-carriage  moves  in  accurately  figured  ways  on  a  second 
carriage  which  moves  with  the  nut  of  the  micrometer  screw.  The  stage  may  be  undamped  from  the 
lower  carriage  and  may  be  rapidly  moved  in  a  direction  accurately  parallel  to  the  axis  of  tlie  screw, 
through  a  distance  of  40  mm.  This  allows  the  plate  to  be  quickly  aligned  under  the  microscope, 
and  to  be  rapidly  examined  before  it  is  measured.  A  fine  screw  at  the  observer's  left  permits  a  slight 
adjustment  of  the  jK>sition  of  the  stage  after  it  is  clamped  to  the  lower  carriage.  Thus  the  stage  may 
be  set  so  that  any  desired  reading  of  the  micrometer  screw  will  correspond  tp  a  given  position  cm  tlu! 
plate.  The  screw  is  of  10  mm.  diameter  and  10  cm.  length,  with  a  pitch  of  one-half  niilliniclcr. 
Great  care  was  given  by  Mr.  Gaertner  to  its  construction.  The  nut  is  28  mm.  long.  A  weight 
attached  to  it  by  a  light  wire  over  a  pulley  not  shown  in  the  figure  removes  the  small  amount  of 
lost  motion  otherwise  present.  The  screw  head  is  80  mm.  in  diameter  and  is  graduated  wiiK  ~A){) 
divisions,  so  that  1  division  =  0.001  mm.  or  1  micron  (fi).  Every  tenth  division  is  doulily  nuin- 
bered,  c.  ij.,  as  39  and  89,  so  that  the  readings  can  be  taken  off  the  head  directly  for  a  whole  iniiliniiter 
instead  of  a  half  (one  revolution). 
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Whole  millimeters  are  read  from  a  scale  along  the  ways  of  the  carriage.  The  microscopes  are 
from  Zeiss,  and  have  the  valuable  feature  of  a  variable  magnification  (ranging  from  about  six  to  thirty 
diameters)  as  the  objective  is  moved  along  a  graduated  scale.  The  reticle  was  ruled  on  glass  at  the 
observatory,  and  consists  of  a  single  fine  line  and  a  close  pair.  There  is  also  provided  an  eye-piece 
micrometer  which  is  not  used.  The  whole  eye  end,  including  the  reticle,  can  be  slightly  rotated  so 
that  the  lines  can  be  made  perpendicular  to  the  motion  of  the  screw. 

METHOD  OF  MEASUEEMEXT 

After  the  negative  has  been  aligned  so  that  the  edge  of  the  spectrum  moves  along  some  mark  or 
dust  particle  in  the  field,  the  upper  carriage  or  stage  is  moved  so  that  any  desired  value  is  given  to 
the  initial  setting,  and  is  then  clamped,  after  which  it  is  moved  only  by  the  screw.  We  commonly 
first  place  the  plate  on  the  stage  so  that  the  violet  end  of  the  spectrum  will  appear  toward  the  left  in 
the  microscope,  when  the  micrometer  settings  will  increase  with  the  wave-lengths.  Four  settings  are 
then  made  on  each  star  line,  alternating  each  time  in  the  direction  from  which  the  line  is  brought  under 
the  "thread"  of  the  reticle.  Four  settings  are  also  made  on  each  comparison  line,  two  each  on  the 
portions  of  the  comparison  line  above  and  below  the  star  spectrum,  with  the  same  alternation  in  the 
dii-ection  of  approaching  the  thread.  Care  is  taken  that  there  shall  be  no  change  in  the  illumination 
of  the  plate  during  the  measurement,  and  the  mirror  is  rarely  touched  between  plates.  A  change  in 
the  angle  of  the  mirror  during  measurement  would  be  likely  to  produce  a  noticeable  shift  in  the  appar- 
ent position  of  the  lines. 

The  point  in  the  comparison  line  (dark  on  the  negative)  at  which  the  line  is  bisected  by  the 
thread  may  be  different  according  to  the  practice  of  different  observers.  Thus  it  is  the  habit  of  Frost 
to  make  the  setting  at  a  point  one-third  of  the  length  of  the  comparison  liue  away  from  its  inner  end ; 
while  Adams  makes  his  settings  on  the  inner  tips  of  the  comparison  lines.  On  star  lines,  of  course,  the 
setting  is  always  made  at  the  center.  The  correction  for  curvature  will  therefore  be  regularly  different 
for  the  two  observers.  In  case  of  very  strong  comparison  lines,  the  accuracy  of  the  settings  may  be 
somewhat  increased  by  the  use  of  the  double  thread  of  the  reticle,  but  this  has  been  very  seldom  done 
in  these  measures.  The  single  thread  is  invariably  the  more  suitable  for  the  star  lines  (white  on  the 
negative). 

After  the  plate  has  been  measured  in  one  position  it  is  reversed  on  the  stage  so  that  the  violet 
end  will  appear  toward  the  right  in  the  microscope,  and  the  micrometer  readings  will  decrease  with 
increasing  wave-lengths.  The  new  position  is  so  adjusted  that  the  readings  will  add  up  some  convenient 
number  of  whole  millimeters  when  combined  with  the  corresponding  readings  for  the  previous  position 
of  the  plate.  If  this  whole  number  is  SO,  then  the  averages  of  the  four  settings  in  the  second  position 
of  the  negative  will  be  successively  subtracted  from  80.0000,  and  the  remaiuder  will  be  very  closely  equal 
to  the  previous  average,  with  which  it  is  now  combined  to  form  the  Mean  of  the  Settings.  If  the 
measurements  in  the  two  directions  are  not  made  consecutively,  the  observer  is  careful  to  see  that  the 
second  measure  is  made  when  the  comparator  is  at  the  same  temperature  as  at  the  first  measure. 

It  should  be  understood  that  the  measurement  of  a  plate  in  each  position  is  a  single,  homo- 
geneous process,  yielding  results  which  may  be  considered  absolute,  within  the  limits  of  error  involved. 
That  is,  the  settings  are  not  first  made  on  a  star  line  and  then  on  a  comparison  line  as  a  pair,  giving 
a  differential  value  of  the  distance  between  the  two ;  but  the  settings  are  progressively  made  along 
the  plate  until  the  whole  measurement  is  complete  for  that  position  on  the  stage.  The  question  of  the 
choice  of  lines  to  be  measured  is  taken  up  in  the  next  section. 

1.  Length  of  lines  {width  of  spectrum). — Two  sets  of  windows  have  been  used  during  the  year, 
each  set  yielding  a  different  length  of  lines  (both  star  and  spark)  for  the  two  cameras.  With  the  nar- 
rower windows  the  length  of  the  lines  of  both  star  and  comparison  spectrum  is  0.17  mm.  for  camera  B, 
and  0.13mm.  for  camera  A;  with  the  larger  windows,  which  have  been  used  almost  exclusively  since 
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October  31,  1901,  the  length  is  0.40  mm.  for  camera  B,  and  0.29  mm.  for  camera  A.  With  average 
conditions  of  atmospheric  steadiness,  it  is  necessary  during  the  exposure  to  move  the  star  image  back 
and  forth  through  a  small  amplitude  on  the  slit  by  the  electric  slow-motions,  in  order  that  the  width 
of  the  star  spectrum  may  correspond  to  the  full  width  of  the  window.  On  faint  stars  the  star  spec- 
trum is  usually  kept  somewhat  narrower  than  the  full  width,  thus  diminishing  the  necessary  exposure 
time. 

2.  Curvature  of  ihc  lines. — Correction  is  made  for  the  curvature  of  the  comparison  linos  by 
means  of  tables  computed  by  Ditscheiners  formula,  which  has  beeu  shown  by  Adams  to  be  accurate  for 
long  slits.^  The  amount  of  the  correction  (.c)  is  indicated  for  the  two  cameras  by  the  following 
extracts  from  the  tables.  The  distance  from  the  center  of  the  star  lines  to  the  point  for  wliicli  the 
correction  applies  is  denoted  by  z: 


Camera  A 

X 

Camera  B 

0.10  mm. 
.20 
-.30 
.40 
.50 

0.00008  mm. 

.ooa32 

.00072 
.00128 
.00208 

0.00006  mm. 
.ai021 
.ax  1.54 
.00096 
.00149 

Thi.s  table  is  calculated  for  an  index  of  refraction  in  tlie  |)rism  of  ?(==  1.0724  for  X  4500. 
The  difl'erence  is  insensible  in  practice  for  other  wave-lengtlis  in  the  range  of  good  focus  of  our 
plates. 

METHOD  OF  REDUCTION 

The  fundamental  principle  of  the  method  adopted  here  for  the  measurement  and  reduction  of 
line  of  sight  plates  is  that  each  negative  shall  be  treated  solely  by  itself  and  wholly  independently 
of  any  other  plate.  This  assumes  that  there  is  on  each  plate  a  sutEcient  number  of  well-defined  com- 
parison lines  whose  wave-lengths  are  accurately  known,  so  that  the  wave-length  of  any  point  in  that 
stellar  spectrum  can  be  determined  with  all  necessary  precision.  Hence  no  corrections  have  to  be 
applied  on  account  of  the  temperature  of  the  instrument  at  the  time  the  plate  was  made,  or  to  reduce 
the  plate  to  the  scale  of  some  standard  solar  or  metallic  spectrum  plate.  It  may  be  objected  that  with 
so  stable  an  instrument  as  the  Bruce  spectrograph,  the  dispersion  formula  should  be  the  same  for  all 
plates  taken  at  the  same  temperature ;  hence  always  for  the  whole  series  of  plates  taken  on  a  given 
night.  This  is  readily  admitted,  but  in  practice  the  time  spent  in  computing  the  Hartmann  disper- 
sion formula  for  each  plate,  with  the  use  of  the  "Brunsviga"  calculating  machine,  is  no  greater  than 
that  spent  in  adapting  to  a  given  formula  the  micrometer  settings  for  each  plate. 

The  three  lines  of  the  comparison  spectrum  taken  for  the  standards  in  determining  the  constants, 
So,  c,  and  X„,  of  the  sim[)Ie  Hartmann  formula 


are  .selected  on  the  basis  of  their  sharpness  on  the  negative  and  their  jjroper  spacing  near  the  two 
extremities  and  center  of  the  measured  portion  of  the  plate.  The  correction  tor  curvature  is  first  applied 
to  the  mean  of  the  eight  settings  on  each  of  the  lines  of  the  comparison  sjMictrum.  (In  some  cases  the 
correction  for  curvature  has  been  applied  in  kilometers  to  the  final  mean  of  the  radial  velocities  deter- 
mined from  the  different  star  lines.)  Then  the  wave-lengths  of  all  the  lines  measured  in  both  star  and 
comparison  siwctnim  are  computed  by  the  formula.  In  making  tlie  measurements  the  best  (most 
shaqjly  defined,  and  for  solar  stars  simplest)  star  lines  were  selected,  without  reference  to  their  occur- 
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rence  in  the  comparison  spectrum,  provided  only  that  their  wave-lengths  in  the  laboratory  or  in  the 
solar  spectrum  are  known.  In  every  case  where  possible  the  nearest  good  com[)arison  line  to  the 
selected  star  line  is  also  measured.  The  second  column  of  the  detailed  measurements,  pp.  18  S.  and 
33  ff.,  contains  the  computed  wave-lengths.  The  ditferences  between  these  computed  values  and  the 
known  wave-lengths  of  the  comparison  lines  (as  given  in  Eowland's  tables  for  the  solar  spectrum)  are 
now  given  in  the  third  column  as  "  Correction  to  Comp.  Lines."  Aside  from  the  accidental  errors  of 
the  settings,  these  indicate  the  departure  of  the  formula  from  an  exact  representation  of  the  wave- 
lengths. The  corresponding  corrections  for  the  intervening  star  lines  are  interpolated  between  the 
appropriate  values  for  the  adjacent  comparison  lines,  and  are  given  in  the  fourth  column. 

The  fifth  column  is  entitled  "  Wave-length  in  Sun  "  in  the  case  of  plates  of  the  Moon  and  solar 
stars,  and  is  taken  directly  from  Rowland's  table.  Where  it  is  evident  that  two  {or  more)  solar  lines, 
too  close  to  be  separated  by  the  spectrograph,  have  blended  together  in  forming  the  line  seen  on  the 
plate,  the  wave-length  given  is  the  result  of  the  combination  of  Rowland's  values  of  the  constituent 
lines,  with  weights  proportional  to  the  estimates  of  their  intensities  in  Rowland's  table.  A  list  is  given 
below  of  the  blends  thus  formed  which  occur  in  these  measures. 

In  case  of  the  stars  of  the  Orion  type  the  fifth  column  is  entitled  "Normal  Wave-Length,"  and 
gives  the  best  values  we  have  been  able  to  find  for  the  laboratory  or  other  determinations  of  the  wave- 
lengths of  the  lines  in  question.  Details  as  to  these  lines  and  the  authorities  for  the  wave-lengths  are 
also  given  below. 

The  next  column  contains  the  displacement,  or  difference  between  the  normal  wave-length 
and  the  measured  wave-length,  after  the  latter  has  been  corrected  by  the  amount  given  in  the 
fourth  column.  From  the  displacement  the  corresponding  radial  velocity  for  each  star  line  is 
readily  determined  from  our  tables,  computed  with  a  value  of  the  velocity  of  light  of  299,860  km.  per 
second. 

In  the  case  of  stars  of  the  Orio7i  type,  where  the  stellar  lines  vary  greatly  in  their  degree  of 
diffuseness  and  consequent  difficulty  of  accurate  bisection,  the  observer  assigns  an  arbitrary  weight 
to  the  lines,  which  is  given  in  the  last  column  of  the  tables  of  measures.  This  weight  is  not  assigned 
after  an  examination  of  the  accordance  of  the  settings,  but  commonly  immediately  upon  making  the 
first  setting,  and  it  represents  the  relative  certainty  that  the  observer  felt  as  to  his  estimate  (Auffas- 
sung)  of  the  center  of  the  line.  When  the  observer  gave  a  different  estimate  of  weight  in  the  two 
positions  of  the  plate  (violet  toward  left  and  violet  toward  right),  the  lower  weight  was  taken.  Inas- 
much as  the  Aiiffassumj  is  for  such  ill-defined  and  diffuse  lines  wholly  a  matter  of  individual  psy- 
chology and  physiology,  the  weights  assigned  to  the  same  line  on  the  same  plate  by  the  two  observers 
may  differ  very  considerably.  To  the  same  line  on  different  plates  of  the  same  star  quite  different 
weights  may  be  given  by  the  same  observer,  since  the  conditions  of  exposure  and  development,  and 
consequent  intensity  of  the  negative,  never  repeat  themselves  precisely. 

The  weighted  mean  of  the  determinations  of  velocity  for  all  the  lines  is  used  as  the  radial 
velocity  from  that  plate  by  that  observer,  but  the  unweighted  mean  is  also  given,  for  comparison,  at 
the  foot  of  column  7.  These  means  were  taken  on  the  original  reduction  sheets  where  the  com- 
putations were  carried  to  0.01  km. ,  and  hence  may  differ  slightly  from  the  means  of  the  values  when 
rounded  to  tenths  as  printed.  Wliere  several  star  lines  could  be  measured,  the  difference  between 
the  weighted  and  simple  mean  is  slight. 

Attention  may  here  be  called  to  the  entirely  independent  character  of  the  measurements  of 
the  two  observers  on  the  same  plate.  The  star  lines  measured  and  the  comparison  lines  chosen  as 
standards  depend  wholly  upon  the  observer's  judgment  while  the  plate  is  under  the  microscope.  The 
generally  satisfactory  accordance  of  the  results  for  the  same  plate  is  evidence  that  the  large  dis- 
crepancies arising  from  the  excessively  diffuse  and  difficult  character  of  some  of  the  individual  star 
lines  are  fairly  well  balanced  in  the  effect  on  the  result. 
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SOURCES  OP  ERROR 

The  sources  of  error  in  this  work  that  most  naturally  suggest  themselves  may  be  classified  as 
follows  :  (1)  those  due  to  the  spectrogi-aph ;  (2)  those  due  to  the  measuring  instrument ;  (3)  those  due 
to  the  observer  or  the  mode  of  reduction;  (4)  those  depending  upon  assumed  physical  conditions  in 
the  stellar  and  terrestrial  sources  of  light.  We  proceed  to  enumerate  under  these  heads  the  points 
which  the  experience  of  ourselves  aud  others,  with  this  and  other  instrumeiits,  has  showu  to  be 
most  open  to  error. 

1.  (o)  Flexure  of  the  spectrograph  and  inadequate  supjjorf  of  the  jyrisms. — This  serious  source 
of  error,  which  was  in  evidence  with  the  spectrograph  first  used  with  the  forty-inch  refractor,  was  fun- 
damentally in  mind  in  the  design  and  construction  of  the  Bruce  spectrograph.  It  was  accordingly 
made  more  rigid  than  any  previous  instrument  of  the  kind,  principally  with  steel  construction,  and  we 
have  detected  no  evidences  whatever  of  error  in  this  respect  during  a  year's  use  of  the  spectrograph. 

(6)  Imperfection  of  pi-isms.  —  The  experience  with  the  first  set  of  prisms  supplied  for  the 
Bruce  spectrograph,  which  has  been  recounted  in  the  article  by  Frots  already  cited,  gave  us  special 
reason  for  caution  in  respect  to  the  homogeneity  of  the  glass  of  the  prisms.  The  surfaces,  by  the 
Brashear  Company,  easily  fulfil  all  the  requirements,  as  was  also  true  of  the  first  set.  The  numerous 
tests  in  the  summer  of  1901  did  show  that  there  was  a  slight  difference  in  the  performance  of  the 
thick  and  thin  halves  of  the  prisms,  and  that  the  definition  was  slightly  improved  by  reducing  the 
aperture  to  one-half.  The  gain  in  sharpness  of  the  lines  was  not  sufficient,  however,  to  justify  the 
loss  of  light,  and  the  full  aperture  of  51  mm.  of  the  collimated  beam  has  been  regularly  used.  The 
effect  must  be  a  slight  broadening  of  the  lines  of  the  stellar  spectrum  and  of  the  comparison  spectrum, 
and  hence  the  result  upon  the  determination  of  the  radial  velocities  should  be  very  small,  increasing 
the  accidental  errors  but  not  producing  systematic  ones.  It  is  not  possible  to  use  lines  as  close 
together  in  stellar  spectra  of  the  solar  type  as  could  be  done  with  perfect  prisms,  but  the  effect  on 
such  "blends"  would  be  accidental  and  not  systematic. 

(c)  Variations  in  the  temperature  of  the  prisms  dnrinc/  exposure. — This  soiu'ce  of  error  is  fully 
suppressed  by  the  temperature  case  and  electric  heating.  Although  the  control  is  not  automatic  the 
observ^er  has  little  difficulty  in  maintaining  the  temperature  of  the  air  about  the  prisms  within  a  range 
of  0?2  C.  dtiring  a  winter  night.  In  one  respect  our  arrangements  are  not  perfected  in  regard  to 
temperature.  When  the  dome  is  opened  for  solar  observations  during  a  considerable  part  of  the  day, 
the  temjjerature  in  the  spectrograph  necessarily  rises  much  higher  than  the  normal  value  for  the  night, 
and  consequently  the  temperature  inside  the  glass  of  the  prisms  will  bo  falling  during  the  latter  part 
of  the  afternoon  and  early  evening.  It  would  be  desirable  to  have  means  for  keei)iiig  the  temperature 
of  the  spectrograph  as  low  during  the  day  as  it  is  likely  to  be  at  night.  However,  as  the  exposures 
for  the  comparison  s[K'ctrum  are  symmetrical  with  respect  to  the  star  exposure  (except  in  the  case 
of  a  few  of  the  earlier  plates),  the  effect  of  a  lack  of  perfect  uniformity  in  the  temperature  within 
the  prisms  will  be  to  broaden  the  lines  of  the  two  spectra  alike  and  to  produce  no  systematic  errors 
in  radial  velocities. 

((/)  Behavior  of  lens  of  Camera  B. — The  irregularly  recurring  astigmatism  of  this  lens,  men- 
tioned on  page  4,  opens  a  possibility  of  systematic  error.  The  effect  generally  is  to  produce  a  slight 
shading  or  fringe  on  the  more  refrangible  side  of  the  lines,  which  is  more  evident  for  the  emi.ssion 
lines  of  the  spark  si)ectrum  than  for  the  absorption  linos  of  the  stellar  spectrum.  Hence  there  would 
be  a  tendency  to  make  the  settings  too  far  toward  the  violet  on  the  spark  lines,  which  would  yield  too 
large  a  positive  radial  velocity  for  a  stellar  sjjectrum  made  when  the  lens  was  in  the  disturbed  condi- 
tion. We  have  always  intended  to  use  Camera  A  when  B  was  thus  affected,  and  to  measure  no  B 
plates  showing  unsymmetrical  comparison  lines.  If  it  has  occurred  that  this  condition  was  not 
noticeable  though  present,  there  may  be  a  slight  systematic  effect  on  some  ot  llic  ]>  plutcs,  but,  il  does 
not  appear  on  comparing  the  values  oVjtained  with  the  two  cameras. 
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(e)  Adjustment  of  spark  apparatus. — The  proper  adjustment  of  the  source  of  the  comparison 
spectrum  so  that  the  collimator  lens  shall  be  fully  and  uniformly  illuminated  by  it,  is  one  of  the 
most  essential  conditions  in  the  use  of  the  spectrograph.  The  angular  apertures  of  the  mirror  first 
used  for  projecting  the  image  of  the  spark  upon  the  slit,  and  of  the  lens  later  substituted,  were  both 
more  than  twice  as  great  as  that  of  the  collimator  lens  as  seen  from  the  slit.  Within  this  latitude 
for  maladjustment  the  position  of  the  spark  image  (purposely  somewhat  out  of  focus)  could  be  checked  by 
direct  observation  of  the  polished  jaws  of  the  slit,  or  by  the  symmetry  of  the  illumination  of  the  double 
window  as  seen  from  behind  the  slit — both  of  which  modes  of  observation  are  made  possible  by  the 
arrangement  of  the  guiding  apparatus.  On  unscrewing  the  guiding  telescope  the  collimator  lens 
can  be  viewed  directly  by  the  light  reflected  from  the  first  surface  of  the  first  prism,  and  the  equality 
of  its  illumination  tested  while  the  spark  is  in  action.  The  method  of  placing  a  photographic  plate 
immediately  over  the  lens  has  proved  thoroiighly  satisfactory  and  more  trustworthy  than  the  visual 
method.  It  is  not  impossible  that  some  of  the  early  plates  taken  when  the  mirror  was  used  may 
be  open  to  danger  of  partial  maladjustment  of  the  spark ;  but  if  so,  this  should  show  in  the  control 
plates  of  Moon  and  stars  (pp.  18  to  32),  and  there  is  no  evidence  of  discrepancies  which  are  not 
wholly  within  the  range  of  the  errors  of  observation  (measurement). 

2.  Errors  due  to  the  measuring  instrument. — The  only  source  of  error  here  of  consequence 
lies  in  the  scre"w.  Optical  distortions  are  not  to  be  feared  in  the  microscope,  as  only  the  center  of 
the  field  is  used  and  the  recticle  is  fixed.  It  has  a  slight  adjustment  in  position  angle,  so  that  the 
threads  can  be  made  parallel  to  the  lines  of  the  spectrum,  even  if  the  latter  are  not  absolutely  perpen- 
dicular to  the  length  of  the  spectrum.  A  preliminary  examination  of  the  periodic  errors  of  the 
screw  showed  that  they  were  not  large  enough  to  require  correction  in  the  case  of  the  Orion  type 
stars,  upon  whose  broad  lines  the  errors  of  setting  are  necessarily  large.  They  are,  however,  of  a 
magnitude  sufficient  to  afPect  the  velocities  derived  from  the  sharp  lines  of  solar  stars.  It  has  not 
been  permissible,  however,  to  delay  this  publication  long  enough  to  include  them  in  our  reductions, 
although  a  large  part  of  the  necessary  observations  have  recently  been  made  for  both  measuring 
machines. 

It  therefore  remains  to  examine  the  probable  effect  of  these  errors  upon  the  control  plates. 
Measurements  with  machine  G  2  (used  by  Adams)  of  a  fixed  distance  on  a  glass  scale,  distributed  over 
the  part  of  the  screw  actually  used,  indicated  a  maximum  departure  from  the  mean  of  ±  2fi.  If  a 
star  line  were  actually  affected  by  this  amount,  the  error  in  the  velocity  from  that  line  would  be  about 
2.6km.  for  B  plates  or  3.2km.  for  A  plates.  But  the  average  departure  would  not  exceed  one-half  of 
this,  and  in  the  best  part  of  the  screw  it  would  not  be  over  one-fourth.  In  the  case  of  plates 
of  the  Moon  a  considerable  number  of  the  lines  measiired  are  also  present  in  the  comparison  spec- 
trum, so  that  the  settings  are  made  at  practically  the  same  part  of  the  screw,  and  the  periodic  errors 
would  be  without  effect.  Since  the  plate  is  measured  in  both  directions,  starting  at  different  readings 
of  the  head,  the  resulting  error  will  be  reduced  by  one-half  on  the  average,  but  cannot  be  incre^ised. 
Probably  the  effect  on  the  velocity  for  the  average  line  will  not  exceed  three-  or  four-tenths  of  a  kilo- 
meter, and  as  the  mean  velocity  depends  upon  more  than  ten  lines,  it  seems  safe  to  believe  that  the 
radial  velocity  of  the  Moon  or  solar  star  from  that  plate  will  not  be  in  error  by  over  0.1km.  on  account 
of  periodic  errors  of  the  screw.     The  progressive  errors  are  quite  negligible. 

For  machine  G  1  (used  by  Frost),  with  which  comparatively  few  of  the  control  plates  were 
measured,  the  maximum  screw  errors  are  somewhat  less,  not  exceeding  ±  1.5/*.  The  effect  on  the 
radial  velocities  measiired  will  doubtless  not  exceed  0.1km. 

In  these  machines  some  changes  have  been  made,  tending  to  remove  the  slight  amount  of  lost 
motion  noticed  earlier.  The  weights  taking  up  the  lost  motion  were  somewhat  increased.  As  all 
settings  have  uniformly  been  made  in  alternate  directions  there  does  not  seem  to  be  reason  for  fear 
of  uncertainty  in  the  measures  on  this  account. 
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3.  (a)  Errors  due  to  tlic  observer. — Measurements  of  negatives  under  the  microscope  are  doubt- 
less liable  to  a  variety  of  subjective  errors,  which  should  be  more  constaut  than  in  case  of  visual 
measurements  of  a  similar  class  at  the  telescojie.  The  one  most  familiar  is  that  of  the  different 
habit  of  setting  upon  the  dark  and  light  lines  on  the  negative.  The  process  is  clearly  quite  different 
in  placing  a  dark  line  of  the  reticle,  or  "thread,"  on  the  center  of  a  white  line  in  the  stellar  spectrum 
from  that  in  bisecting  the  dark  comparison  line  with  the  dark  "  thread."  The  former  is  the  easier 
and  surer  process,  althoiigh  the  experienced  observer  doubtless  has  his  habit  of  setting  too  far 
toward  the  right  or  toward  the  left,  though  perhaps  very  sliglitly.  In  the  more  difficult  process  of 
centering  black  upon  black  the  error  is  greater,  and  probably  for  most  observers  is  a  function  of  the 
intensity  or  size  of  the  dark  line.  But  this  personality  error  is  largely  eliminated  by  the  regular 
practice  of  reversing  the  plate  under  the  microscope  and  remeasuring.  Measurements  by  Frost  in 
1899  upon  a  positive  of  a  plate  of  Polaris  yielded  the  same  difference  for  violet  to  left — violet  to 
right  as  did  the  measures  upon  the  negative,  but  with  the  sign  reversed.  The  numerical  value  of 
this  difference  has  been  quite  constant  and  large  for  Frost,  for  B  plates  about  4km.,  in  the  sense  that 
a  plate  measured  with  violet  to  left  would  require  a  correction  of  —2km.  For  Adams  the  whole 
amount  is  about  1.7  km.  and  the  sign  opposite,  so  that  a  plate  measured  with  violet  to  left  would 
require  a  correction  of  about  +lkm. 

(b)  Errors  due  to  the  mode  of  reduction.  —  It  might  be  thought  that  an  improvement  would  have 
been  made  in  the  reduction  process  by  using  the  exponential  form  of  Hartmann's  formula.  While  the  wave- 
lengths would  thus  have  been  a  little  more  closely  obtained,  the  gain  would  not  have  offset  the  increased 
expenditure  of  time.  As  a  matter  of  fact,  with  the  method  used  of  correcting  the  formula  at  every  point 
where  a  comparison  line  was  measured  (which  occurred  as  near  as  possible  to  the  position  of  each  star  line), 
the  accuracy  of  the  formula  is  of  small  consequence,  and  almost  any  formula  could  have  been  employed, 
provided  only  that  the  differences  for  short  stretches  of  spectrum  could  be  regarded  as  linear. 

Probably  it  would  also  be  regarded  by  some  as  advantageous  to  smooth  out  the  accidental  errors 
of  settings  on  the  comparison  lines  by  a  curve.  We  have  feared  the  arbitrariness  of  curve  drawing, 
and  have  ordinarily  thrown  the  accidental  errors  upon  the  star  line,  although  where  two  comparison 
lines  have  fallen  close  together,  with  no  star  line  intervening,  the  mean  correction  has  commonly  been 
taken,  valid  for  the  mean  wave-length.  In  a  few  cases  of  extrapolation  beyond  the  limits  of  the 
formula  there  has  been  a  slight  uncertainty  as  to  the  proper  correction  to  the  "wave-length  by 
formula"  of  the  stellar  lines,  but  the  effect  would  be  small. 

To  conform  with  Rowland's  tables  the  reductions  have  been  carried  out  so  as  to  be  accurate  to 
the  thousandth  of  the  tenth-meter.  This  gives  a  specious  precision  to  the  disiilacement  for  the  lines 
whose  wave-lengths  have  been  measured  only  to  the  hundredth.  In  general  we  should  not  wish  to 
place  any  reliance  on  anything  less  than  the  whole  kilometer  for  the  best  measurable  of  the  Oriuu  type 
stars;  and  in  view  of  all  the  sources  of  error  now  discussed,  many  of  them  not  correctable  in  our 
present  state  of  knowledge,  almost  the  same  can  be  said  for  the  stars  of  the  solar  type. 

It  has  not  been  possible  for  us  to  give  the  time  necessary  for  tlus  duplicate  calculation  of  the 
numerical  quantities  involved  in  our  detailed  reductions,  so  that  errors  doubtless  occur.  In  general  these 
must  be  small,  however,  as  those  involving  an  amount  as  large  as  0.02  or  0.03  tenth-meters  would  be 
noticeable  as  breaking  the  smoothness  of  the  run  of  the  "  corrections  to  comparison  lines;"  and  all  such 
cases  have  been  checked.  It  does  not  seem  to  us  likely  that  these  errors  in  computation  can  affect  the 
mean  value  of  the  radial  velocity  from  any  one  plate  by  more  than  a  very  small  fraction  of  a  kilometer. 

In  the  computation  of  some  of  the  plates  measured  by  Fro.st  assistance  was  received  from  Miss 
Anne  S.  Young,  research  assistant  at  the  observatory  during  the  suuiiuer  (piartfr  of  1902. 

4.  Errors  due  to  assumptious  as  to  physical  condilions. 

(a)  In  adopting  the  wave-lengths  given  in  Rowland's  table  for  the  solar  spectrum  for  our  spark 
lines,  we  obviously  assume  that  the  conditions  in  the  sun's  reversing  layer  and  in  the  spark  are 
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sufficiently  alike  as  to  pressure  and  otherwise  to  justify  the  procedure.  Determinations  of  the  wave- 
lengths of  the  lines  in  the  spark  spectrum  of  titanium,  of  an  order  of  accuracy  equal  to  that  of 
Rowland's  table,  are  not  available,  and  there  would  perhaps  be  quite  as  much  assumption  in  using  arc 
wave-lengths  as  solar  wave-lengths.  It  is  a  fact  that  the  relative  intensities  of  the  Ti  spark  lines  on 
our  plates  follow  much  more  closely  the  estimates  in  Rowland's  table  than  they  do  Hasselberg's 
estimates  for  the  arc  spectrum  of  Ti.  This  indicates  that  the  principal  dark  lines  in  the  solar  spectrum 
due  to  titanium  are  enhanced  lines,  and  it  suggests  that  the  conditions  may  have  some  degree  of 
similarity  in  sun  and  spark. 

Jewell  has  found  a  slight  systematic  difference  between  arc  and  solar  wave-lengths,'  the 
metallic  lines  being  relatively  displaced  toward  the  violet  by  something  like  0.01  to  0.02  tenth- 
meters.  Correction  was  made  for  this  in  the  determination  of  Rowland's  standards,^  as  its  origin 
was  then  supposed  to  be  instrumental.  Jewell  interprets  it  as  an  effect  of  the  density  and  pressure 
at  the  level  in  the  solar  atmosphere  at  which  the  particular  line  is  produced.  The  direction  of 
the  displacement  would  indicate  a  greater  pressure  in  the  solar  atmosphere  than  in  the  arc.  If  the 
spark  lines  are  also  shifted  toward  the  red  relatively  to  the  arc,  the  effect  upon  our  measured  radial 
velocities  might  be  diminished.  The  large  shifts  of  this  sort  described  by  Haschek'^  were  not 
confirmed  in  amount  by  preliminary  experiments  made  at  the  Yerkes  Observatory  by  Dr.  N.  A.  Kent, 
who  found  shifts  of  only  about  the  order  of  those  measured  by  Jewell.  In  the  present  state  of 
our  knowledge  we  therefore  cannot  say  with  any  certainty  how  much  our  results  are  affected  by  the 
use  of  solar  wave-lengths  for  our  Ti  lines;  but  presumably  by  an  amount  corresponding  to  less  than 
0.02  tenth-meters,  or  about  1.4  km.,  and  perhaps  very  much  less.  The  sign,  moreover,  cannot  be 
given. 

[h)  The  assumption  that  stellar  wave-lengths  are  the  same  as  those  for  the  corresponding 
elements  in  the  laboratory,  if  incorrect,  also  renders  our  measurements  of  velocity  liable  to  some 
uncertainty,  at  present  indeterminate.  There  are  some  instances  where  a  distinct  difference  in  wave- 
length is  indicated.  The  most  conspicuous  case  is  that  of  the  line  always  attributed  to  magnesium,  at 
X4481.  Laboratory  determinations  of  this  diffuse  line  in  the  spark  spectrum  (obtainable  also  in  the 
rotating  arc)  give  a  value  of  about  \-4481.32,'  while  the  value  obtained  by  Adams'*  from  a  number  of 
plates  of  Sirius,  and  of  7  Geminorum  and  6  Leonis,  is  4481.40.  The  latter  value  also  satisfies  the  meas- 
urements for  most  of  the  stars  included  in  this  paper,  and  it  has  uniformly  been  used,  as  we  are  not 
prepared  to  adopt  the  radical  procedure  of  employing  a  still  different  value  for  the  three  or  four  stars 
for  which  an  intermediate  value  of  this  wave-length  would  perhaps  give  velocities  more  accordant  with 
those  from  other  lines.  The  wave-length  found  for  this  line  by  Scheiner"  in  the  spectra  of  eighteen 
stars  of  the  first  type  is  4481.44  (Rowland's  scale). 

Finally,  in  respect  to  wave-lengths,  it  should  perhaps  be  mentioned  that  a  relative  error  of  ztO.Ol 
tenth-meter  in  Rowland's  value  for  a  line  would  produce  an  error  in  our  velocity  for  that  line  of 
±  0.7km.  Probably  errors  in  Rowland's  table  as  large  as  that  are  very  rare,  and  Rowland  may  underesti- 
mate the  accuracy  of  his  standards  in  his  statement  "  From  the  tests  I  have  made  on  my  standards,  I 
am  led  to  believe  that  down  to  wave-length  7000,  a  correction  not  exceeding  ±  0.01  division  of 
Angstrom  (1  part  in  500,000),  properly  distributed,  would  reduce  every  part  to  perfect  relative 
accuracy.'"" 

Of  course  the  precision  of  the  absolute  wave-lengths  of  Rowland's  table  does  not  affect  our 
results. 

i  AstrophysicalJournal,  Vol.  Ill  (1896),  pp.  89-113.  s/fcid.,  Vol.  XV  (1902),  p.  216. 

5  H.  A.  Rowland,  "On  a  Table  of  Standard  Wave-Lpngths  of  the  a  Puhlicationen  des  Astrophysikalischeu  Observa/oriums  zu  FotJS- 

Spectral  Lines,"  Memoirs  of  the  American  Academy  of  Arts  and  dam,  Bd.  Vn  (1895),  Theil  IL  p.  31">. 
Sciences,  Vol.  XII  (1896),  No.  2. 

,  ^  ,   ^„^  „.,.,,        .„.  '"Memoirs  of  the  American  Academy  of  Arts  and  Sciences,  Vol. 

6^siropAysicat  Journal,  Vol.  XIV  (1901),  p.  184.  ^-^^  ^     ,,       ^.^ 

I  Heney  Ceew,  ibid..  Vol.  XVI  (1902),  p.  247. 
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WAVE-LENGTHS    OF   THE    PRINCIPAL   STAR   LINES    USED 

The  tables  which  follow  contain  all  of  the  more  important  star  lines  which  we  have  employed, 
with  the  exception  of  snch  lines  as  occur  in  stars  of  the  solar  tyjx^i  of  s[>ectrum  and  are  not  blends. 
As  the  wave-lengths  of  the  latter  are  taken  directly  from  Rowland's  table  of  solar  spectrum  wave- 
lengths, it  has  not  seemed  necessary  to  repeat  them  here.  For  the  sake  of  completeness  the  value  of 
a  displacement  of  one  tenth-meter  in  kilometers  per  second  for  the  various  wave-leugths  given  is 
included  in  the  tables. 

(o)  Blonh. — While  we  have  endeavored,  as  far  as  possible,  in  our  measures  of  plates  of  the 
Moon,  planets,  and  stars  of  the  solar  type  of  spectrum,  to  use  only  single  lines,  it  has  been  found 
impossible  to  avoid  blended  lines  entirely,  as  some  of  the  best  lines  in  the  spectra  are  of  this  nature. 
In  such  cases  we  have  assigned  weights  to  the  component  lines  according  to  the  intensities  given  in 
Rowland's  table.  This  procedure  is  evidently  rigorous  for  the  Moon  and  planets,  and  proves  satisfac- 
tory in  the  case  of  most  of  the  stellar  lines  used  in  the  solar  stars  we  have  investigated.  Occasion- 
Blly,  however,  a  line  of  slight  intensity  in  the  Sun  rises  to  considerable  intensity  in  a  star  and 
materially  changes  the  wave-length  of  a  blended  line.  In  such  a  case  the  change  shows  itself  by 
the  systematic  deviation  of  this  line  from  the  other  lines  of  a  plate,  and  the  lino  is  rejected  after  a 
sufficient  number  of  plates  have  shown  the  deviation  to  be  unquestionably  systematic. 

The  decision  as  to  what  intensity  a  line  should  have  in  order  to  exert  an  influence  upon  a 
closely  adjacent  line  is  naturally  somewhat  arbitrary,  and  depends  upon  the  quality  of  the  plate  con- 
sidered. In  general,  however,  our  experience  shows  that  upon  a  plate  of  quality  suitable  for  good 
measurement  a  line  of  intensity  "0"  on  Rowland's  scale  has  an  appreciable  influence,  while  fainter 
lines  may  be  neglected.  But  this  does  not  hold  if  the  adjacent  line  is  overpoweringly  strong,  as  in 
such  a  case  the  strong  line  may  stand  out  clearly  against  the  fainter  without  being  influenced  by  it. 
A  case  of  this  sort  is  the  iron  line  X  4528.798  of  .intensity  8  in  the  solar  spectrum,  measures  of  which 
do  not  indicate  any  disturbing  effect  from  the  several  faint  lines  near  it. 

The  following  table  contains  the  wave-lengths  of  the  blended  lines  most  frequently  used.  For 
the  sake  of  brevity,  those  which  have  been  used  but  rarely  are  not  included,  but  the  wave-lengths 
employed  in  such  cases,  are  given  in  column  five  of  the  detailed  statement  of  the  measurements  on 
pp.  ISff.  and  .S8f.: 


tl.-m.-nt> 

Wave-Longth 

No.  of  km. 
per  tenth-metor 

Elcmeuts 

Wave-Lengths 

No.  of  km. 
per  tenth-meter 

Ti;  Fe 

4427.420 

67.73 

Cr,  Mn;  Ti 

4501.422 

66.61 

Fe;  Ti 

44.34.021 

67.  &3 

_    _ 

4515.475 

66.40 

Ca;  Fe 

44.35.184 

67.61 

Fef;  -;  Ti 

4522.853 

66.;J0 

ZrFe:  Ti? 

4450. 597 

67.. 37 

-;  Fe 

4.525. 2a5 

6G.26 

Mn :  C(i 

4456.  «!0 

67.29 

-;  Cr;  Fe 

4.526.644 

(W.24 

Ti,\\Xr:  Mn 

4457.  &5G 

67.27 

Ti;  - 

4527.518 

66.23 

V:  Mn;- 

4460.460 

67.23 

Ti-Co;  - 

4.5.34.168 

66.13 

Ni;  Fe 

4466.701 

67.13 

Fe:  Ti-Co 

4549.767 

(15.91 

Fe;Mn;Ni? 

4472.9.58 

67.04 

Cr;  Co-Fe 

4565.750 

65.68 

Fe;  Ag 

447fi.214 

G7.00 

Ca ;  Co,  Fe 

4.581.  &34 

a5.44 

-,Fe;  Fe 

4482.. 376 

66.90 

Cr;  Fe 

4611.4.55 

65.02 

Cr;  Zr 

4497.046 

66.68 

Fe;  Cr,La 

4613.465 

64.99 

(h)  Oxijfjrn  and  ni'lrofjen  lint's. — The  wave-lengths  of  the  following  oxygen  and  nitrogen  lines 
occurring  in  the  spark  8f>ectrum  of  air  have  been  determined  by  us  on  plates  taken  with  the  con- 
cave grating,  Mrith  various  elements  serving  as  the  spark  electrodes.  The  values  have  been  published 
in  the  Aslrophysical  Journal,  Vol.  XVI  (1002),  pp.  118-20.  The  identifications  are  those  of 
Neovius." 


11  n,h,in„  1,11  K.  Hveruka  Vcl.-Akad.  Handlinoar,  Vol.  XVIl,  1801. 
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Element 

Wave-Length 

No.  of  km. 
per  tenth-meter 

Element 

Wave-Length 

No.  of  km. 
per  tenth-meter 

0 

4317.272 

69.46 

N 

4601.632 

65.17 

o 

4319.762 

69.41 

N 

4a)7.305 

65.08 

0 

4345.677 

69.00 

N 

4614.  o;« 

64.98 

NO 

4348.134 

68.96 

N 

4621.548 

64.88 

0 

4349.541 

68.94 

N 

4630.703 

64.75 

0 

4351.495 

68.91 

a 

4638.937 

64.64 

0 

4367.012 

68.66 

0 

4641.886 

64.60 

0 

4415.076 

67.92 

N 

4643.244 

64.58 

0 

4417.121 

67.88 

0 

4649.250 

64.49 

NO 

4447.163 

67.42 

NO 

4650.925 

64.47 

0 

4591.066 

65.31 

O 

4661.728 

64.. 32 

0 

4596.291 

65.24 

(c)  Silicon  lines. — The  following  wave-lengths  of  the  three  silicon  lines  used  by  us  are  those 
given  by  Exner  and  Haschek,"  who  used  the  spark  passing  between  electrodes  of  metallic  silicon  as 
the  source  of  spectrum.  The  occurrence  of  these  lines  in  the  spectra  of  stars  resembling  /3  Ci'ucis 
was  observed  by  McClean  and  by  Gill,  and  their  origin  was  traced  by  Lunt  in  a  careful  series  of 
experiments  at  the  Cape  Observatory.  It  is  unfortunate  that  the  wave-lengths,  particular!}'  tliat  of 
the  third  line,  cannot  be  more  accurately  assigned.  This  is  doubtless  due  to  their  diffuse  character  in 
the  spark  spectrum,  which  was  remarked  by  Exner  and  Haschek. 


Wave-Length 

No.  of  km. 
per  tenth-meler 

45.52.75 
4567.95 
4574.9 

65.87 
65.64 
65.54 

(d)  Magnesium  lines. — The  magnesium  line  at  X4352  occurs  in  the  Sun,  and  accordingly  its 
wave-length  is  given  by  Rowland.  The  wave-length  of  the  line  at  X44:81  has  been  determined  by 
Adams  from  measures  of  the  spectra  of  stars  of  Vogel's  type  la,"  and  is  discussed  more  fully  on 
p.  13. 


Wave-Length 

No.  of  km. 
per  tenth-meter 

4352.083 

4481.400 

68.90 
66.91 

(e)  Helium  lines. — The  wave-lengths  of  the  helium  lines  which  we  have  used  are  those  given 
by  Runge  and  Paschen."  The  double  lines  at  X4J:71  and  X4713  have  been  blended,  the  weights 
assigned  to  the  components  being  6  and  1  for  X4471,  and  3  and  1  for  X4713.  (The  intensities  given 
by  Runge  and  Paschen  are  respectively  6  and  <1  and  3  and  <1.) 


Wave-Length 


4388.100 
4437.718 
4471.676 
4713.308 


No.  of  km. 
per  tenth-meter 


68.33 
67.57 
67.06 
63.62 


12 "Note  on  the  Spectrum  of  Silicon,"  Asfi-ophi/sical  Jounial, 
Vol.  XII  (1900),  pp.  48,  49. 

13  "Some  Results  with  the  Bruce  Spectrograph," /7^/t/.,  Vol.  XV 
(1902),  pp.  214^17. 


t"Ou    tho  Spectrum  of  Clftveito  Gas,"  ibid..  Vol.   Ill  (1896), 
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JOUKNAIi  OP  OBSERVATIONS 

The  extract  given  below  from  the  regular  observing  journal  of  the  Bruce  spectrograph  furnishes 
the  observational  data  for  all  of  the  plates  discussed  in  the  present  article.  The  principal  omissions 
are  the  numerical  values  of  the  focal  settings  of  the  collimator  and  camera,  and  of  the  focal  scale  of 
the  telescope,  upon  which  the  position  of  the  slit  in  the  plane  of  the  forty-inch  objective  depends. 
The  last  varies  with  the  temperature,  and  its  value  is  furnished  by  a  table  constructed  from  Barnard's 
results  for  the  variation  of  the  focal  length  of  the  telescope  with  the  temperature.  The  collimator 
setting  has  been  changed  bixt  once,  and  then  on  the  occasion  of  the  substitution  of  the  "isokumatic" 
lens,  to  which  reference  has  already  been  made,  for  the  lens  previously  in  use.  The  focal  setting 
of  Camera  A  has  been  kept  practically  unchanged,  repeated  tests  during  the  severe  weather  of  the 
winter  showing  no  appreciable  variation  in  focus.  The  recementing  of  the  objective  of  Camera  B 
has,  however,  necessitated  changes  of  its  focal  setting  on  several  occasions,  as  appears  in  the  Remarks. 

Most  of  the  columns  in  the  journal  are  self-explanatory.  The  length  of  exposure  in  seconds  for 
the  comparison  spectrum  is  indicated  by  the  number  following  the  symbol  of  the  element  employed : 
thus  'Ti'  6"  denotes  an  exposure  of  the  titanium  spark  for  six  seconds.  The  time  in  reference  to  the 
star  exposure  at  which  the  comparison  spectrum  is  photographed  is  given  in  the  two  columns  headed 
"Beginning"  and  "End,"  while  an  intermediate  entry  refers  to  the  middle  of  the  star  exposure  unless 
the  time  is  expressly  stated.  The  number  of  turns  of  self-induction  in  the  secondary  circuit  of  the  spark 
coil  is  also  given.  The  first  ((')  of  the  temperature  entries  always  refers  to  the  temperature  inside  the 
prism  box,  the  second  (o)  to  the  temperature  inside  the  large  aluminium  case  which  covers  the  spectro- 
graph.    The  middle  of  the  star  exposure  is  given  in  Central  Standard  time. 

In  the  case  of  nearly  all  of  the  exposures  entered  in  the  list  below,  the  labor  of  guiding  lias 
been  shared  equally  by  the  observer  and  Mr.  F.  R.  Sullivan,  engineer  in  charge  of  the  telescope,  to 
whom  we  are  much  indebted  for  this  efficient  assistance. 


Object 


a  Tauri  . . 
P  Orionit . . 
e  Orionijt  . . 
y  Pegtui.. . 
yPefjnai... 

V  Ononis  . . 
i  Pertei  . . . 

V  Peffoxi.. . 
5  Peracl . . . 
p  Orionis.. 
P  Orionig.. 
K  Orionis  . . 
y  Peyiui . . . 

Moon 

3  Orioni* . . 
«  Orionin  . . 
I  Herculit. 

Hood 

y  Orionis . . 
i  Herculis, 
•  CoMiop.. 
fi  Orionu . . 
i  Orionin.. 

V  Pei/iui  . . 
p  Ononit.. 
K  Orionia . . 
P  Can.MaJ. 

Moon 

t  Herculis. 
3  Orionis.. 
K  f^ionis . . 
c  Cftsstop . . 
<  Cftssiop . . 
i  Cnstiop.. 
0  Orionis . . 
K  Orionis.. 

Moon 

e  Can.Maj. 
3  Can.Mtij. 
i  Cassiop.. 


S_^ 

Middle 

i  _ 

Hour 

.s 

Date 

of  Ex- 

^ c 

Allele 

iS-a 

»V! 

posure 

a- 

atEud 

''^ 

1901 

h 

ni 

m. 

h.  m. 

mm. 

B19I 

Sept 

4 

14 

01 

2:> 

E3  l.i 

0.028 

A207 

V, 

43 

K 

E2  23 

0.028 

A'^IW 

1« 

10 

2.1 

E2  10 

0.028 

A2I3 

Sept 

.1 

ir> 

2X 

4.i 

W  2  4.1 

0.045 

A'^S 

Sept 

(> 

11 

m 

hh 

El  S) 

0.028 

jV224 

Sept 

11 

1.1 

Xi 

!) 

E2  12 

O.OiO 

A226 

.Sept 

12 

12 

(It 

62 

E  3  S) 

0.05(1 

Ar« 

Sept 

1« 

H 

."iO 

44 

E3  00 

0.035 

A23.J 

v>. 

•>fi 

5.1 

E3  00 

0.035 

A2.37 

•' 

14 

8 

E2  l.i 

o.av. 

,VM 

Sept 

2(1 

15 

42 

7 

El  20 

0.038 

A244 

Hi 

13 

2i 

El  10 

0.0.38 

A:t4r, 

Sept 

2fi 

K 

(IT) 

.V> 

E3  10 

0.0)8 

A246 

K 

4X 

12 

El  X 

0.023 

,\?M 

14 

r.4 

8 

El  4.-> 

0.0.38 

A250 

*' 

l.i 

as 

Ml 

El  .V. 

0.a38 

A?,!! 

Sept 

K 

.t.i 

m 

W  4  10 

0.0)8 

Ai-a 

111 

92 

2(1 

El    r, 

0.0.30 

A2.W 

Ort. 

V 

ir> 

3t 

23 

E  0  .^-> 

0.0)8 

A2fiO 

Oct. 

:i 

« 

m 

8(1 

w :,  25 

0.038 

A26I 

11 

i."> 

1(1(1 

E  0  45 

n.K« 

A2«2 

13 

m 

7 

E2  45 

ocm 

A'TO 

14 

42 

22 

E  1  56 

0.0.38 

BlOt 

Oct. 

IH 

12 

4tl 

82 

W3     3 

o.a).5 

M'X, 

( »ct. 

I'i 

12 

4« 

It 

E2  15 

0  0.35 

BISM 

IS 

21 

;v> 

E2   15 

o.o;i.5 

B200 

IK 

10 

3i 

0  00 

o.a35 

KOfi 

Oct. 

IK 

7 

;*i 

40 

W  3  20 

0.a35 

Km 

il 

27 

l.VI 

W7  00 

0ft35 

Km 

14 

07 

21 

El  00 

0.0.35 

A274 

Oct. 

■a 

13 

■M 

2-; 

El  47 

O.OS) 

ATI.! 

14 

.V. 

7(1 

W  3  40 

0,018 

A218 

(Vt. 

r. 

N 

OH 

1(10 

E2  45 

0.0.38 

AWI 

Oct. 

»i 

7 

.'lO 

ilO 

El  15 

0.O50 

A2M 

13 

.'>8 

V 

EG  25 

O.ffiO 

VM 

14 

21 

22 

EO  20 

O.ftV) 

A2m 

•• 

1.1 

(») 

17 

0.0.V) 

AWT 

l.'i 

X, 

22 

WO  20 

oa5o 

Am 

Nov. 

1 

1.1 

w 

44 

WO  25 

0  (ISO 

B211 

Nov. 

7 

8 

43 

8.J 

0  00 

0.0)8 

Comparison 
Beginning        End 


r/6 
Ti6 

Fe«i,Tii,Her, 
TiS.Heh 
Fe55,  Ti3,He3 

Til,  Her, 

Tie,  He 7 

Ti6,He(> 

Ti6,Hc6 

Tit,,  He n 

Ti»,He>i 

Ti  10,  He  10 

Ti  12,  Few 

Ti  10,  Hell 

mo,  Hell 

T/8,  He  9 

Ti  7,  Actio 

TiS'.±  He 'Mi 

rn,Hen 

r<7±,  He  15 
Til,  He  18 
Til,  Hen 
Ti  12,  He  2) 

Ti  12,  He  30 
rill,He28 

Ti  12.  He  30 

ri12±,Hc60 

Hc30  ±,  Ti  1  at9:10 

Ti  1.5,  He  90 

TH),  Hem 

Ti6,  He  10 

Ti  12,  He  120 

T/ 14,  He  .50 

Til 4,  He .55 

ril4  ±,Hc.^5 

Ti  14,  Fe  100 

Till,  He 50 

Ti  14 

Ti  5 


Self- 
induc- 
tion 


.350;  8.50 


.50;    350 

50 

30;    330 

50 


Temperature 
Beginning  End 


25.4 
27.4 


16.2 


16.7 
10.4 
12.0 

12.0+  12.0 

12.0+  12.2 

11.1  11.4 

11.2  11.4 
22.4  22.6 
22.4  22.3 
22.4  22.4 
22.4  22.2 
22.4  22.5 
22.4  22.4 
11.6  12.1 


12.7 
14.0 
14.0 
14.0 
14.0 
14.0 


20.3 
20,8 
12.8 


11.5  10.4 
9.9  9.8 
9.9+    9.6 


12.2ii  12. .35 

12.25  12.15 

12.25  12.2 

19.5  19.3 

12.7  12.7 

14.0  13.8 

14.0  13.8 

II  I  11.2 


,^ 

Seeing 

OS 

Poor 

A 

Fair 

A 

Fair 

A 

Fair 

V 

Fair  to  good 

A 

Poor 

K 

Poor 

A 

Good 

A 

Good 

A 

Fair 

A 

Fair 

A 

Good 

A 

Fair 

A 

Fair 

A 

Poor 

A 

Poor 

A 

Poor 

A 

Poor 

A 

Fair;  poor 

K 

Poor  to  fair 

A 

iood  to  poor 

A 

Fair 

A 

Poor 

A 

Poor;  bad 

K 

Fair 

A 

Poor 

A 

Poor 

A 

K 

Very  bad 

K 

Bad 

K 

Fair 

A 

Fair 

A 

Fair 

A 

Oo<k1 

A 

Good 

A 

Fair 

A 

A 
A 

Fair 

Very  good 
Excellent 

K 

I'A 

New  diagonal 
prism  in 
spark    appa- 
ratus 


■lO-inch   objec- 
tive found  to 
be  covered 
with  light 
dew 


Light    clouds 
nud  thick 
haze 


Spark    inter- 
mittent 
Thick  hazo 
Camera   lens 
rccomontod 
by  Brashcar 


New  win- 
dows in  oc- 
culting bar; 
,  mirror  used 
I  for  spark 
Spark  inter- 
mittent 


158 
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Object 

Date 

Middle 
of    Ex- 
posure 

=  1 

Hour 

Angle 
at  End 

cog 

Comparison 
Beginning        End 

Self- 
induc- 
tion 

Temperature 

Beginning                     End 

i          o               in 

Seeing 

O  J, 

Remarks 

1901 

12 

06 

9 

h.  m. 

mm. 

turns 

^  Orionis.. 

B213 

Nov.    7 

15 

00 

.35 

El   45 

0.0.38 

t;7 

50 

3  3 

3.0 

3.3        2.8 

Excellent 

FA 

P  Can.Maj. 

B215 

10 

33 

80 

WO  10 

0  038 

Ti  6'  i 

3  2 

3  4 

3.2        3.0 

Excellent 

FA 

4  Persei  .. . 

B218 

Nov.    8 

li 

06 

9 

El   15 

0.038 

Til 

4.9 

5.2 

5.1        5.2 

Good ;  hazy 

A 

Temperature 

^  Orionis.. 

B220 

14 

39 

25 

WO  15 

0.03S 

Til± 

5.1+ 

4.8 

Fair 

A 

rising 

y  Orionis.. 
Venus 

B221 

h. 

m 

WO  45 

0.038 

Til 

5.1 

5.4 

5.1        4.9 

Rood 

A 

B224 

Nov.  13 

3 

34 

17 

W2  43 

O.OSS 

TiU 

8.5 

8.5 

8.5       8.2 

Fair 

F 

Occulting  bar 

e  Oi'ionis . . 

B228 

13 

50 

28 

EO  13 

0.038 

TiU 

7.6 

6.6 

7.7        7.0 

Poor 

F 

readjusted 

P  Orionis.. 

B231 

Nov.  14 

13 

19 

9 

EO  10 

0.038 

Ti  12 

9.0 

9  0 

9.0+    9.2 

Good 

A 

i  Persei . .  . 

B232 

14 

04 

62 

W2  48 

0.038 

Til 

9.0 

9.2 

9.0        8.8 

Fair 

A 

Stopped  by 

a  Arietis... 

B233 

Nov.  13 

8 

36 

28 

El  25 

0.038 

Ti  12 

-1.1 

-1.1 

-1.1     -1.2 

Good 

F 

clouds 

fi  Orio7iis.. 

B237 

12 

52 

9 

EO  30 

0.038 

Tin 

-0.2 

0.0 

-0.4    -0.7 

Good 

F 

y  Pegdsi . .  . 

B216 

Nov.  27 

6 

11 

S3 

EO  45 

0.025 

Till 

0-8 

1.0 

0.8       04 

Good  to  fair 

FA 

Clouds  at  end 

5  Ciissiop.. 
^  Orionis . . 

B248 

10 

48 

112 

W  3  43 

0.025 

TH 

Ti6^i 

0.9 

09 

0.9       03 

Good 

F 

B252 

" 

13 

22 

14 

W  2  .50 

0.023 

Ti  10 

0.9 

0  4 

0.9       0.5 

Good 

F 

Moon 

B25t 

Dee.  18 

7 

.36 

27 

0.025 

Ti  15 

-15.7  - 

-13.7 

-15.6+  -15.8 

4;  3 

A 

Hereafter 

p  Orionis . . 

B237 

12 

12 

"s 

\vi  bo' 

0.038 

Ti  13 

-15.8  - 

-13.6 

4;  2 

A 

transpar'ncy 

P  Orionis . . 

A297 

Dee.  19 

n 

34 

13 

WO  30 

0.038 

Til 

-13  6  - 

-130 

1-3;  2 

A 

and  seeing 
will  be  given 

fi  Orionis . . 

B261 

Dee.  31 

9 

12 

8 

El  10 

0.023 

Ti  12 

-2  0 

-2  3 

4;  4 

A 

V  Orionis .. 

B262 

1902 

9 

39 

EO  45 

0.023 

Ti  10 

-1.9+ 

-1.6 

—2.0    —2.2 

4;  4 

A 

in  the  order 
named  on  a 

3  Orionis . . 

A300 

Jan.    4 

11 

44 

10 

Wl    40 

0.023 

T)9 

j-6.6 

-6.4 

4;  2 

A 

scale  of  0  to 

Venus 

A303 

-Jan.    8 

28 

17 

0.02.5 

ril2 

+3.3 

+3.7 

4;  2 

A 

5,  5  denoting 

|3  Orio7ii^ . . 

A306 

12 

13 

8 

W  2'  28 

0  023 

Ti9 

3.6 

3.6 

4;  1 

A 

perfect    con- 

|3 Orionis .. 

B270 

Jan.    9 

8 

11 

8 

E  1   10 

0.023 

rni 

3.2 

3.2 

4;  4 

A 

ditions 

aTauri.... 

B273 

Jan.  16 

8 

15 

'^o 

EO  20 

0  0211 

ri27 

3.50 

-3.3 

-3.2 

-3.4    -3-6 

4;  4 

A 

|3  Orionis . . 

B277 

U 

02 

8 

W  1  30 

0.021) 

T;22 

-3.3 

-3.4 

-3.4     -3.6 

4;  4 

A 

p  Orionis . . 

B282 

Jan.  24 

6 

50 

10 

El  .53 

0.023 

T/20 

-3  8 

-3.9 

4;  4 

A 

i  Draconis 

B290 

Feb.    3 

16 

24 

83 

E3  00 

0.040 

r;  9  at  16:07 

TiO 

—13.7  - 

-13.4 

-13.7  -13.3 

4;  4-3 

A 

P  Orionis . . 

A312 

Feb.  10 

8 

34 

10 

Wl  13 

0.020 

T/30 

-7.6 

-7.4 

4;  4 

A 

C  Draconis 
Moon 

A314 

16 

12 

60 

E  2  .50 

0.040 

Til 

Til 

-7.6 

-7.8 

-7.5     -7.4 

4-3;  4 

A 

A320 

Feb.  19 

1 

20 

37 

E2  2(1 

0.033 

Tin 

Ti  12 

-5.3 

—5.0 

-5.3     -5.1 

4;  4 

A 

New  isokumatic 

^  Draconis 

A324 

14 

33 

42 

E4  10 

0.043 

I-;  6  at  14:20:   Tt 

fi  at  li  V) 

—5.2 

-5.0 

-5.2    -5.5 

4;  4 

A 

from  this  nuinton 

T  Herculis. 

A325 

'' 

15 

33 

55 

E2  03 

0.030 

Tia 

TiX 

-5.2 

-5.6 

-5.2     -5.4 

4-1;  4 

A 

p  Orionis . . 

A330 

Mch.    3 

7 

44 

14 

W  1  311 

0.023 

Ti25 

-2.8 

-2.8 

2;  4 

A 

Sky  very  thick 

a  BoOtis . . . 

B293 

Mch.  12 

12 

13 

16 

E2  20 

0.021) 

Ti  35 

3.5 

3.5 

4;  3 

A 

T  Herculis. 

B295 

16 

09 

47 

E  0  211 

0.045 

Ti  12 

T/10 

3.3 

3.4 

3.5        3.3 

4;  4 

A 

K  Orionis.. 

B2B7 

Mch.  13 

8 

29 

30 

VV2  30 

0.040 

T/10 

Till 

9.3 

9.3 

4;  1-2 

A 

Seeing  very 

€  Orionis.. 

B298 

9 

11 

30 

W  3  23 

0.04() 

Ti\0 

mo 

" 

9.3 

9.4 

9.3        9.2 

3;  1 

A 

bad 

y  Orionis ,. 

B299 

9 

53 

30 

W4  13 

0-040 

Ti  10 

Till 

9.3 

9.4 

3;  1 

A 

a  Bo6tis  . . . 

B300 

" 

U 

29 

24 

E3  00 

0.020 

Ti'a8 

9.3 

9.8 

4;  2 

A 

T  Herculis . 

B301 

13 

36 

80 

E2  30 

0-040 

r;io 

TilO 

9.2+ 

9.9 

9.3       90 

4;  2 

A 

a  BoOtis  . . . 

A336 

Mch.  26 

12 

59 

EO  20 

0-020 

r/io 

Ti  12 

8.7 

8.6 

8.7       8.6 

3;  2 

A 

Lens  used  in 

Moon 

A337 

14 

49 

35 

W  0  43 

0  023 

r/8 

t;8 

8.6+ 

8.6+ 

3;  2 

A 

spark    appa- 

a BoOtis  . . . 

B304 

April  2 

9 

51 

E3  20 

0  020 

TilO 

2.0 

2.3 

4;  4 

A 

ratus  from 

y  Corvi 

B303 

10 

32 

30 

EO  20 

0.040 

r/3 

Ti3 

2.0 

2.1 

2.0       18 

4;  3 

A 

this  point 

o  Bodtis  . . . 

B311 

April  3 

9 

57 

18 

E3  13 

0.020 

Till 

4.8 

5.0 

4;  4 

A 

y  Coirvi 

B312 

10 

32 

30 

EO  30 

0.04(1 

T/3 

TH 

4.8 

4.6 

4.9       5.2 

4;  4 

A 

T  Herculis. 

B313 

11 

29 

E3  30 

0.010 

t;4 

Ti3 

4.8 

4.8 

4.8       5.0 

4;  4 

A 

K  Orionis  . . 

B315 

April  9 

7 

47 

28 

W3  33 

0.0.18 

r;3 

Ti3 

8.0 

8.5 

8.1        8.5 

3;  3 

F 

€  Orionis . . 

B316 

8 

21 

23 

W4  20 

0.038 

Til 

8.3        8.5 

4;  4 

F 

y  Oriojiis.. 
Moon 

B317 

9 

04 

27 

W5  10 

0.0.38 

Til 

8.4        8.6 

2;  3 

F 

B323 

April  16 

11 

12 

35 

W  3  .50 

0.028 

TJ6 

Ti9± 

7.4 

7.4 

7.4        7.4 

3;  4 

A 

7  Corvi  — 
Moon...... 

B324 

12 

15 

33 

W2  05 

0.040 

TiS 

7.4 

7.4 

7.4+    7.4 

3;  4 

.A 

B328 

April  19 

S 

40 

30 

El  00 

0.02K 

T/4  + 

Ti6 

7.8 

7.8 

7.8       7.6 

F 

rt  Leonis . . . 

B329 

'• 

9 

43 

61 

W  2  10 

0.040 

Ti  3'4 

7.8 

7  3 

7.8       7.5 

3;  2 

F 

y  Corvi  .... 

B330 

U 

03 

60 

W  1   13 

0.040 

T/3-(- 

Ti3 

7.8 

7.3 

7.8 

3-1;  2 

F 

Cirrus  clouds 

Tj  Leonis  . . . 
ri  Leonis . . . 

B333 
B337 

April  23 
April  30 

9 
9 

31 
53 

65 
85 

W2  10 
W3  10 

0.040 
0.038 

Ti  3 
Ti  10 

TiS 

9  7 

9  6 

9  7        9  6 

F 

150 

14^5 

u^e 

14.5      14.4 

i';i 

F 

a  BoOtis  . .  . 

B342 

May     7 

11 

17 

26 

WO  30 

0.023 

T(4 

Ti  3' J 

15.7 

14.8 

15.7      15.7 

3;  2 

F 

67  Ophiuchi 
i  Draconis 

B347 
B357 

May  14 
May  30 

13 
10 

14 

04 

114 
44 

EO  10 
E  2  03 

0.038 
0.040 

Ti  2'  i 

T,:3 

Ti2^i 
Ti2 

11.3 

20.4 

11.9 

20.6 

11.3      10.8 
20.5      20.4 

2;  1 
3-4;  4 

F 
F 

Clouded   over 
suddenly 

Mood 

B363 

June  20 

12 

.55 

30 

W  1  03 

0.0.30 

T/3 

Til 

350 

16.2 

16.0 

16.2      16.2 

3;  1 

A 

61  Ophiuchi 
a  BoOtis  . . . 

B369 
B371 

June  2.5 
June  26 

13 

9 

41 

30 

78 
12  ± 

W2  50 
W  1   40 

0.040 
0.023 

T/2 
Ti2 

Til 

17.6 
16.4 

18.5 
16.4 

17.8      17.8 

2;  2-3 
2-0;  2 

F 
A 

Stopped  by 

clouds 
Clouds  at  end 
Temperature 

61  Ophiuchi 
t  Delphini. 
Moon 

A346 
A349 
A330 

July    7 
July  11 
July  16 

11 
11 

8 

32 
55 
28 

81 
102 
40 

Wl  23 
EO  20 
EO  20 

0.035 
0.033 
0.030 

Ti6 
TiS 
T(5 

Tii 
Tib 

28.6 
22.8 
23.4 

29.4 
22.7 
23.9 

28.5  28.0 
22.8      22.5 

23.6  24.2 

4;  4 
3;  2 
2;  1 

F 
F 
A 

€  Delphini. 

A353 

12 

48 

120 

W  1  03 

0.040 

t;3 

TH 

24.4 

24.7 

24.5      24.5 

2;  2-1 

.A 

rising 

C  Cassiop.. 

A335 

July  22 

13 

10 

100 

E2  20 

0.0.38 

Tt35 

Ti2o 

20.3 

20.6 

20.3      19.8 

.    2-3;  2-3 

F 

Ground    glass 

102Hercu.. 

A338 

July  23 

11 

53 

130 

W  3  05 

0.040 

TilS 

Ti2a 

'* 

22.7 

22.6 

22.7      22.6 

2;  3-1 

A 

screen    used 

£  Delphini. 
€  Delphini. 

Aa59 
A363 

July  31 

13 
10 

59 
45 

93 
110 

W2  23 
■E  0  10 

0.040 
0.040 

t;2o 

Ti40 

TiX 
Ti45 

22.7 
25.5 

22.6 
25.5 

22.7      22.8 
25.4+  25.2 

2;  4 
3;  1-2 

A 
A 

in  front  of 
slit  for  spark 

T1  Lyrce 

A365 

vi 

14 

51 

102 

W  3  12 

0.0i( 

Ti  33 

Ti  30 

23.5 

25.4 

25.5      25.2 

3;  2 

A 

exposure 

lOSHercu.. 

B383 

.Aug.  11 

10 

10 

90 

W  2  20 

0.038 

Ti  25 

Ti  25 

17.8 

17.8 

17.8      17.6 

4;  4 

.4 

after  this 
date 

y  Pegasi . . . 

B39o 

.\ug.  22 

14 

40 

71 

W  1   13 

o.o:« 

T(30,C(-80  r;35,c.-ioo 

19.6 

18.9 

3;  3 

F 

102  Hercu.. 

B397 

Aug.  27 

9 

00 

120 

W2  28 

0.040 

Ti  60 

Ti  50 

22.2 

22.0 

22.2      22.2 

3;  3-4 

A 

€  Cassiop . . 

B399 

12 

49 

62 

El  50 

0.038 

T/45 

Ti  43 

22.2 

22.4 

22.2      22.0 

3;  3 

A 

Moon..f;.. 

B401 

'* 

15 

47 

37 

E3  23 

0.038 

Ti40 

Ti43 

22.2 

22.4 

3;  3 

A 

102  Hercu.. 

B-102 

Sept.  3 

9 

10 

1.50 

W3  13 

0043 

T/60 

Ti  60 

16.8 

16.9 

16.8      16.4 

4;  1-2 

A 

t  Herculis. 

B403 

11 

20 

83 

W  5  20 

0.043 

Tieo 

TiSO 

16.8 

16.9 

16.8      16.3 

4;  2-3 

A 

a  BoOtis  . . . 

A373 

Sept.   6 

43 

15  ± 

W  4  30 

0.023 

Ti  115 

20.3 

20.2 

3-0;  2 

A 

Freq  t  clouds 

V  Lyrce.  — 

A379 

Sept.   7 

10 

20 

120 

W  3  20 

0.038 

r(45 

Ti  40 

19.4 

19.6 

19.6      19.7 

4;  2 

F 

Strong  wind 

Moon 

B408 

Sept.  13 

10 

13 

35 

Wl  32 

0.038 

T(40 

Ti  40 

12.7 

12.7 

12.7      12.4 

3;  1 

A 

1)  Lyrce  — 

B409 

11 

57 

1.50 

W  5  35 

0.043 

T(40 

Ti  30 

12.7 

13.0 

12.7      13.2 

3;  1 

A 

Y  Pegasi . . . 

B419 

Oct.     9 

11 

53 

80 

Wl  43 

0.038 

T(20 

Ti  21 

12.5 

12.8 

12.5      12.0 

2-3;  2-3 

F 

1  LyrcB  .... 

B422 

Oct.   13 

14 

12 

120 

W  3  45 

0.040 

Ti20 

Ti  20 

15.4 

15.4 

15.4+  15.2 

3;  3-4 

A 

Moon 

B423 

15 

44 

.30 

El  01 

0.028 

TJ30 

Ti  40 

15.4 

15.4 

15.4      15.3 

3;  — 

A 

C  Persei 

B424 

16 

43 

60 

E2  .53 

0.038 

Ti  25 

Ti  25 

" 

15.4 

15.4 

15.4      15  4 

3;  4 

A 

7)  Lyrce  — 

B427 

Oct.   16 

9 

32 

125 

W5  25 

0.038 

T(20 

ri20 

10.1 

9.8 

10.1      10.0 

2;  3-2 

F 

Exposure   cut 
off  by  clouds 
from  10:00- 
10:13 

i  Orionis  . . 

B433 

Oct;   29 

19 

04 

25  ± 

El  52 

0.038 

Ti  25 

Ti  35 

7.6 

7.8 

7.7        7.9 

2-0;  1 

A 

i  Orionis.. 

B434 

19 

45 

24 

El  12 

0.038 

t;30 

Ti  35 

7.7+ 

7.9 

3;  2 

A 
F 

i  Orionis  .. 

B441 

Oct.   30 

21 

19 

16 

WO  27 

0.038 

He  30,  Ti60 

12.7 

12.5 

4;  4-5 

Moon 

B444 

Nov.    6 

13 

38 

40 

W2  .54 

0.033 

ri60 

7.1 

7.1 

7.1        6.9 

3;  — 

F 

•  Can.  Maj 

B451 

21 

47 

30 

0  00 

0.033   r(30 

Ti  30 

7.2 

7.4 

4;  4 

A 

«  Can.  Maj 

B461 

Nov.  19 

20 

59 

37 

WO  02 

0.045   r/25 

Ti  25 

9.8 

9.4 

9.7      10.1 

3;  1 

A 

Dew  on  object 

glass 
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K.\DiAL  Velocities  of  Twenty  Stabs 


DETAILED  MEASURES  AND  REDUCTIONS 
CONTROL  PLATES  OF  THE  MOOX,  VENUS,  AND  SOLAR  STARS 

The  following  section  contains  the  results  of  measures  iijion  plates  of  the  Moon.  Venus,  and 
certain  stars  with  known  velocities  taken  for  the  purjxjse  of  guarding  against  instrumental  errors.  The 
series  covers  practically  the  entire  interval  within  which  the  measures  given  in  the  present  paper  occur, 
and  no  evidence  is  shown  of  the  existence  of  errors  of  this  nature.  The  measured  velocity  in  the  case 
of  the  Moon  and  Venus  is  compared  with  the  computed  velocity,  and  in  the  case  of  stars  with  the 
results  of  other  obser\'ers  for  the  same  stars.  Professor  Campbell's  convenient  formuliB  were  used  in 
the  derivation  of  the  theoretical  velocity  of  the  Moon  and  Venus. 

The  detailed  measurements  on  the  ditferent  plates  follow.  The  plates  of  the  Moon  and  Venus 
are  grouped  together  and  arranged  in  chronological  order,  while  the  separate  stars  are  given  in  order 
of  right  ascension.  The  Greenwich  mean  time  and  hour  angle  given  for  each  plate  refer  to  the  middle 
of  the  exposure.  Following  this  is  the  name  of  the  person  who  measured  the  plate,  the  magnifying 
power  employed,  and  a  brief  statement  as  to  the  quality  of  the  plate.  Unless  otherwise  specified  the 
comparator  used  by  Frost  was  G  1,  by  Adams  G  2. 

The  first  column  of  the  tables  contains  the  means  of  the  settings  upon  the  individual  lines.  S 
denotes  a  line  in  the  spectrum  of  the  star,  Moon,  or  planet,  while  a  comparison  line  is  indicated  by  the 
symbol  of  the  element  to  which  it  is  due. 

In  all  cases  where  the  curvature  correction  is  given  as  a  fraction  of  a  millimeter  at  the  foot  of 
the  tables,  the  readings  ujxjn  the  comparison  lines  given  in  the  first  column  include  this  correction. 
In  a  few  cases  the  correction  for  curvature  is  applied  in  kilometers  to  the  end  result. 

The  symbols  ]'„  and  V^  are  employed  in  the  reduction  of  a  star's  velocity  to  the  Sun,  F„ 
denoting  the  correction  due  to  the  velocity  of  the  Earth  in  its  orbit,  and  T',£the  correction  due  to  the 
Earth's  diurnal  rotation.  The  total  reduction  to  the  Sun  is,  therefore,  V„  +  T',,.  The  corrections 
for  the  orbital  velocity  of  the  Earth  have  been  made  with  the  use  of  Schlesinger's  tables  of  star  con- 
stants {Astrophijsiccd  Jouniftl,  Vol.  X  {189'.t),  pp.  1-13),  and  tlie  diurnal  corrections  are  taken  from  a 
table  constructed  for  the  latitude  of  the  Yerkes  Observatory. 


1901.  September  26,  G.  M.  T.  14"  48" 
Hour  auL'le  E  1"  oG"- 


MOON— A  246 
Poor  plate 


Measured  by  F. 
Power  17 


Mean  of  ScttiDgs 

Wavc-Lcnirth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Moon  Lines 

Wave- Length 
in  Sun 

Displacement 

Velocity 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  .32.0910 

Standard 

-^0.000 

4427.266 

S    .-52.101.3 

4427.. 392 

+6.666 

4427.420 

-0.028 

-1.9 

Ti  .32.6.=>22 

4434.1.5<J 

+0.018 

4434. 1(« 

8    .32.7a'i6 

44.15.772 

+0.029 

44.35.851 

-0.a59 

-4.0 

ri."B.lf546 

4440,495 

+0.020 

4440.515 

S   :i'{.rfcii2 

4442.447 

+0.015 

4442.510 

-0.048 

-3.2 

S    .33.1114 

4443.949 

+0.011 
+0.002 

4443.976 

-0.016 

-1.1 

S    .33.75.51 

4447.883 

4447.892 

-0.007 

-0.5 

Ti  .3.3.8fi89 

4449.. 315 

-0.002 

4449.313 

Ti  .31. 35.56 

44.55.476 

+0.009 

44.55. 4a5 

S    .31.4012 

44.56.056 

+0.010 

44.56.030 

+o.o;i6 

+2.4 

Ti  .34.. 5215 

4457.588 

+0.012 

4457.600 

S    .•M..5254 

44.57.638 

+0.012 

44.57.  (KJfJ 

-0.006 

-0.4 

S    .35.9G14 

4476. Ift3 

-0.023 

4476.214 

-0.044 

-3.0 

Ti  35.9625 

4476.208 

-0.023 

4470.  ia5 

Ti  :v,:9m 

Standard 

-0.000 

4481. 4;t8 

S    .3^5.4.315 

4482. 375 

-0.001 

4482.. 376 

-0.002 

-0.1 

8    .37.. 3578 

4494.715 

-0.013 

44J»4.7:f8 

-0.036 

-2.4 

Fe  .37..'MJ6 

4494.7.51 

-0.013 

4494.738 

Ti  .37.4770 

4496. 318 

-t-0.000 

4496.318 

Ti  38.6954 

4.512.915 

-0.009 

4512.906 
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MOON  A— 246— C'ow/Mwted 


Mean  <if  Velocity 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Moon  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

Ti  39.4200 
S    39.5836 
Fe  39.8.337 
S    .39.8.362 
S    41.6063 
Ti  41.7092 

t.  m. 

4522.968 

4.525.257 
4528.771 
4528. 80G 
4554.1.57 
Standard 

t.  m. 
+0.006 

+6.627 

±o'.6o6 

t.  m. 

+6'.6i4 

+6 '.027 
±0.000 

t.  m. 
4522.974 
4525.285 
4528.798 
4528.798 
4554.211 
4555.662 

t.  m. 

-0.014 

+0.0.^5 
-0.054 

km. 

-0.9 

+2.3 
-3.6 

Curvature  Cor.  +  0.0002  mm. 


Mean  ■ 
Computed  Velocity  - 


1.2  km. 
0.5 


1901,  September  27,  G.  M.  T.  IB"  22" 
Hoiu-  anarle  E  I''  15™ 


MOON— A  253 

Moon  fair;  comparison  fair. 


Measured  by  A. 
Power  28 


Ti  26.2727 

Standard 

-t-0.000 

4399.935 

S    26.9485 

4407.871 

-0.002 

4407.851 

+0.018 

+1.2 

S    27.0037 

4408.524 

-0.032 

4408.. 549 

-0.027 

-1.8 

Fe  27.5735 

4415.297 

-0.004 

4415.293 

S    28.4306 

4425.615 

-0.004 

4425. 6t)8 

+0.003 

+0.2 

Ti  28.5669 

4427.270 

-0.(J()4 

4427. 2G6 

S    28.5774 

4427.. 398 

-0.004 

4427.420 

-0.026 

-1.8 

S    29.2661 

44.35.827 

-0.002 

44.35.8.51 

-0.026 

-1.8 

S    29.8072 

4442.524 

-4-0.000 

4442.510 

+0.014 

+0.9 

Ti  29.9238 

4443.976 

-1-0.000 

4443.976 

S    30.2354 

4447.871 

-^-6.66o 

4447.892 

-0.021 

-1.4 

Ti  30.3503 

Standard 

^0.000 

4449.. 313 

Ti  30.8405 

44.55.498 

-0.013 

44.55.485 

S    30.8828 

44.-1G.0.38 

-0.013 

44.56.030 

-0.005 

-0.3 

Ti  31.6612 

4465.980 

-0.005 

4465.975 

S    .32.4522 

4476.2.34 

-0.004 

4476.214 

+0.016 

+1.1 

Ti  32.8494 

4481.441 

-0.003 

4481.438 

S    32.9185 

4482.  a51 

-0.003 

4482. 376 

-0.018 

-1.2 

S    .33.8508 

4494.741 

+0.000 

4494.7.38 

+0.003 

+0.2 

Ti  33.9683 

Standard 

-t-O.UOO 

4496.. 318 

S    .34.0221 

4497.041 

-0.001 

4497.046 

-0.006 

-0.4 

S    .34.. 3461 

4.501.413 

-0.006 

4501.422 

-O'OIS 

-1.0 

Ti  34.3489 

4.501.451 

-0.006 

4501.445 

Curvature  Cor.  +0.0001  mm. 


Mean  —0.5  km. 
Computed  Velocity  —0.6 


1901,  November  13,  G.  M.  T.  IP  34" 

Horn-  angle  W  2"  36-" 


VENUS— B  224 

Planet  strong;  comparison  good. 


Measured  by  A. 
Power  21 


S    22.8566 

4443.810 

+0.018 

4443.976 

-0.148 

-10.0 

Ti  22.8725 

4443.958 

+0.018 

4443.976 

S    23.27.37 

4447.696 

+0.005 

4447.892 

-0.191 

12.9 

Ti  23.4465 

Standard 

+0.000 

4449.313 

S    24.3103 

445T.450 

+0.000 

44.57.6.56 

-0.206 

13.9 

Ti  24.3261 

44.57.600 

+6.000 

4457.600 

S    25.2597 

4466.505 

-0.005 

4466.701 

-0.201 

13.5 

S    25.4657 

4468.486 

-0.006 

4468.663 

-0.183 

12.3 

Ti  25.4848 

4468.609 

-0.006 

4468.663 

S    25.9135 

4472.810 

-0.006 

4472.958 

-0.154 

10.3 

S    26.2453 

4476.0.31 

-0.006 

4476.214 

-0.189 

12.7 

Ti  26.7995 

4481.444 

-0.006 

4481.4.38 

S    26.8762 

4482. 19G 

-0.005 

4482.. 376 

-0.185 

12.4 

S    28.1202 

4494.. 513 

+0.008 

4494. 73F 

-0.217 

14.5 
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R.\uiAL  Velocities  of  Twenty  Stars 


VENUS  B—2'2A— Continued 


Mean  of  Settings 

Wave-LeDRth  by 
Formma 

Correction  to 
Comp.  Lines 

Correction  to 
Planet  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

S    28.7897 

t.  m. 
4501.230 

t.  m. 

t.  m. 
+0.015 

t.  m. 
4501.422 

t.  ni. 

-0.177 

km. 
-11.8 

Ti  28.8095 

4501.430 

+0.015 

4501.445 

Ti  29.9391 

4512.911 

-0.005 

4512.906 

S    30.1705 

4515. 2a5 

-0.007 

4515.475 

-0.197 

13.1 

Ti  30.4542 

4518.207 

-0.009 

4518.198 

S    30.8831 

4522.647 

+0.008 

4522.853 

-0.198 

13.1 

Ti  30.9138 

4522.966 

+0.008 

4522.974 

Ti  31.3480 

Standard 

+0.000 

4527.490 

S    31.4548 

4528.607 

-^-o.oa) 

4528.798 

-0.191 

12.6 

S    32.9699 

4544.641 

+0.009 

4544.845 

-0.195 

12.9 

Tr  32. 9899 

4544.855 

+0.009 

4544.864 

Ti  as. 7114 

4552.616 

+0.016 

4552.6:52 

S    33.a378 

4553.984 

+0.009 

4554.211 

-0.218 

14.4 

Ti  ,33.9925 

4555.662 

-t-0.000 

4555.662 

S    34.7268 

4563.678 

+0.040 

4563. 9;» 

-0.221 

14.5 

Ti  31.7469 

4563.899 

+0.040 

4563.939 

Ti  35.4926 

4572.130 

+0.026 

4572.156 

S    ;^.3248 

4581.424 

+6.6i7 

4581.634 

-0.193 

12.6 

S    37.0751 

4589.901 

+0.009 

4590.126 

-0.216 

14.1 

Ti  37.0941 

4590.117 

+0.009 

4590.126 

S    38.9256 

4611.221 

+0.002 

4611.455 

-0.232 

15.1 

Ti  39.4569 

Standard 

±0.000 

4617.452 

CuTvahire  Cor.  +0.0009  mm. 


Mean  - 13.0  km. 
Computf'd  Velocity  — 12.8 


1901,  December  18.  G.  M.  T.  13''  .36" 
Hour  an^le  W  P  32™ 


MOON— B  254 

M(X)u  gofxl;  comparison  ratlicr  strong 


Measured  by  A. 
Power  21 


S    23.4084 

4442.519 

+O.028 

4442.510 

+0.a37 

+2.5 

Ti  23.5599 

4443.948 

+6.028 

4443.976 

S    23.5648 

4443.994 

-1-0.028 

4443.976 

-1-0.046 

+3.1 

S    23.9804 

4447.929 

+0.007 

4447.892 

+0.044 

+3.0 

Ti  24.1260 

Standard 

-t-0.000 

4449.. 313 

S    25.a346 

4466.7.35 

+0.008 

4466.701 

+0.012 

+2.8 

Ti  26.1.311 

4468.654 

+6.669 

4468.663 

S    26.1.^34 

4468.676 

+0.009 

4468.61)3 

-1-0.022 

+1.5 

S    26.8995 

4476.209 

-0.010 

4476.214 

-0.015 

-1.0 

Ti  27.4289 

4481.461 

-0.023 

4481. 4:« 

S    27.5242 

4482.410 

-0.023 

4482.376 

-1-0.011 

+0.7 

S    28.7.5fJ7 

4494.745 

-0.029 

4494.7.38 

-0.022 

-1.5 

Ti  28.!)Oa5 

4496.. 348 

-0.tt» 

4496.318 

S    29.4085 

4.501.4.50 

-0.022 

4501.422 

+0.006 

+0.4 

S    .30.0898 

4.508.4.59 

-0.012 

4.508.4.55 

-0.(X)8 

-0.5 

Ti  .30,5192 

4.512.911 

-O.fXfc) 

4.512.906 

S    .31.6tl50 

4.525.245 

-0.001 

4.525.285 

-0.041 

-2.7 

Ti  .31.9(J69 

Standard 

-v-0.000 

4.527.490 

S    .32.03.38 

4.528.  a38 

+6.662 

4528.798 

+0.042 

+2.8 

Ti  .34.2.^33 

4.5.52.. 595 

+0.037 

4.5.52. 6T2 

S    .34. 3791 

4.5.54.197 

+0.032 

45.54.211 

-1-0.018 

+1.2 

Ti  .^5. 2.587 

4.563.9.35 

+6.664 



4563.9.39 

S    .35.2.583 

4.563.9.31 

+0.001 

4563.9.39 

-0.004 

-0.3 

S    .35.9126 

4.571.2.56 

-1-0.012 

4.571.275 

-0.007 

-0.5 

S    .36.8271 

4.581.615 

-1-0.026 
-f0.027 

4.581.634 

-1-0.007 

m 

S    .37.(J.370 

4.5»t.013 

4.58-1.018 

-1-0.022 

Ti  .37.iVJ62 

4.590.  fXKJ 

+0.034 

4.590.126 

H    .39. 3891 

4611.405 

-1-0.008 
-i-0.005 

4611.455 

-0.042 

-2.7 

S    .39. .5611 

4613.447 

4613.465 

-0.013 

-0.8 

Ti  XKSHn-I 

Standard 

±0.000 

4617.4.52 

Curvatmre  Cor.  -1-0.0007  mm. 


Mean  +0.5  km. 
Computed  Velocity  +0.9 
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1902.  Januarv  8,  G.  M.  T.  IP  28'' 
Horn-  ansrle  W  2"  35"- 


VENUS— A  303 

Plauet  stroug;  comparison  good. 


Measured  bv  A. 
Power  28 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Planet  Lines 

Wave-Length  in 
Sun 

Displacement 

Velocity 

S      19.3514 

t.  m. 
4282.435 

t.  m. 

t.  m. 
+0.000 

t.  m. 
4282.565 

t.  ni. 
-0.1.30 

km. 
-9.1 

Ti     19.3948 

Standard 

+0.000 

4282.860 

S     19.4101 

4283.010 

•4-0.000 

4283.169 

-0.159 

11.1 

Ti    19.7313 

4286.165 

+0.003 

4286.168 

Ti   19.87.36 

4287.569 

-0.003 

4287.566 

S     20.0575 

4289.387 

-0.003 

4289.525 

-0.141 

9.9 

S     20.4322 

4293.110 

-0.004 

4293.241 

-0.135 

9.4 

S     20.5327 

4294.113 

-0.004 

4294.278 

-0.169 

11.8 

S     21.3067 

4.301.892 

-O.OOC 

4,302.039 

-0.153 

10.7 

Ti   21.3264 

4302.091 

-0.006 

4.302,085 

Ti   21.7183 

4.306.071 

+0.007 

4306.078 

S     21.7862 

4.306.763 

+0.006 

4.306.912 

-0.143 

10.0 

Ti   22.3978 

Standard 

+0.000 

4.313.034 

S     22.5919 

4315.038 

-0.001 

4.315.209 

-0.172 

12.0 

S     22.9415 

4.318.664 

-0.001 

4318.817 

-0.154 

10.7 

Ti   23.1771 

4.321.121 

-0.002 

4.321.119 

S     24.6832 

4X37.064 

+0.001 

4.3.37.216 

-0.151 

10.4 

Ti   24.7781 

4.338.083 

+0.001 

4a38.084 

S     24.9997 

4340.468 

+0.002 

4340.6.34 

-0.164 

11.3 

Ti   25.3675 

4944.448 

+0.003 

4944.4.51 

S     26.0460 

4.351.858 

+0.002 

4.352.007 

-0.147 

10.1 

S     27.1522 

4.364.1.32 

+0.000 

4.364.274 

-0.142 

9.8 

Ti   27.4820 

Standard 

±0.000 

4.367.839 

Curvature  Cor.  +0.0005  mm. 


Mean  —10.5  km. 
Computed  Velocity  —11.3 


1902,  Fe})iiiary  19,  G.  M.  T.  1.3"  20"' 
Hour  angle  E"  2"  38"' 


MOON— A  320 
Moon  strong;  comparison  good. 


Measiu'ed  by  A. 
Power  21 


S     ,31.37.32 

4.399.921 

+0.000 

4.399.903 

+0.018 

+1.2 

Ti   31.3744 

Standard 

+0.000 

4.399.9.35 

S     .32.0370 

4407.849 

+0.003 

4407.851 

+0.001 

+0.1 

Ti   .33.6288 

4427.257 

+0.009 

4427.266 

S     34.1240 

44.33.410 

+0.012 

44,33. 390 

+0.032 

+2.2 

Ti   ,34.18.36 

44,34.155 

+0.013 

44,34 .  168 

S     ,34.. 3183 

44.35.840 



+0.011 

44,T3.8,51 

+0.000 

+0.0 

S     ,34.8483 

4442.514 

+0.005 

4442.510 

+0.009 

+0.6 

Ti   ,34.96,34 

4443.972 

+0.004 

4443.976 

S     .34.9637 

4443.975 

+0.004 

4443.976 

+0.003 

+0.2 

S     a5.2711 

4447.884 

+0.001 

4447.892 

-0.007 

-0.5 

Ti   .35.38.30 

Standard 

+0.000 

4449., 313 

Ti   .36.0271 

4457.594 

+0.006 

4457.600 

S     .36.2492 

4460.473 

+0.007 

4460,460 

+0.020 

+1.3 

Ti   .36.8753 

4468.654 

+0.009 

4468.663 

S     .36.8769 

4468.675 

+0.009 

4468. 6&3 

+0.021 

+1.4 

S     .36.9399 

4469.. 504 

+0.009 

4469.511 

+0.002 

+0.1 

S     37.4477 

4476.219 

+0.015 

4476.214 

+0.020 

+1.3 

Ti   .37.8.376 

4481.420 

+0.018 

4481. 4;« 

S     37.9107 

4482., 399 

+0  016 

4482.376 

+0.0.39 

+2.6 

S     38.8237 

4494 . 747 

+0.002 

4494,738 

+0.011 

+0.7 

Ti   .38.9.387 

Standard 

+0.000 

4496.318 

S     ,38.9949 

4497.087 

+0.000 

4497.046 

+0.041 

+2.7 

S     .39.. 3121 

4501.443 

+0.007 

4501.422 

+0.028 

+1.9 

Ti   .39.. 3118 

4501.438 

+0.007 

4501.445 

Ctu-vature  Cor.  +0,0005  mm. 


Mean  +1.1  km. 
Computed  Velocity  +0.7 
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Radial  Velocities  of  Twenty  Stars 


1902,  March  26,  G.  M.  T.  20^  49  •" 
HoiiransleW0^28°' 


MOON— A  337 
Jloon  fair;  comparison  rather  strong. 


Measiuoil  by  A. 
Power  20 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Moon  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

S      29.3921 

t.  m. 
4425.611 

t.  m. 

t.m. 

±0.000 

t.  m. 
4425.608 

t.  m. 

+0.003 

km. 
+0.2 

Ti   29.5265 

Standard 

±0.000 

4427.266 

S     29.5386 

4427.415 

±6.oo(j 

4427.420 

-0.005 

-0.3 

S     30.1&tl 

44.35.174 

-0.«)2 

4435.184 

-0.012 

-0.8 

S     30.7503 

4442.. 519 

-0.005 

4442.510 

-0.004 

+0.3 

Ti   30.8661 

4443.981 

-0.005 

4443.970 

S     30.8668 

4443.989 

-0.005 

4443.976 

+0.008 

+0.5 

S     31.17&5 

4447.913 

-0.014 

4447.892 

+0.007 

+0.5 

Ti   31.2881 

4449.. 3.31 

-0.018 

4449.313 

S     32.6:^61 

4466.708 

-0.017 

4466.701 

-0.010 

-0.7 

S     .32.7860 

4468. 6&3 

-0.017 

4468.66.3 

-0.017 

-1.1 

Ti   :e.7873 

4468.680 

-0.017 

4408.06:1 

S     .33.. 3607 

4476.225 

-0.012 

4470.214 

-0.001 

-0.1 

S     .^3.8257 

4482.403 

-0.008 

4482., 376 

+0.019 

+1.3 

S     .31.74:« 

4494.760 

-0.001 

4494.7.38 

+0.021 

+1.4 

Ti   .34.8.584 

Standard 

iO.OOJ 

4490.. 318 

S     .^5. 23.34 

4.501.4.39 

-o.roi 

4501.422 

-0.016 

+1.1 

Ti   .35.2.3.39 

4501.446 

-0.001 

4.501.445 

Ti   .36.0651 

4.512.928 

-0.022 

4.512.906 

S     .36.2473 

4515.470 

-0.012 

4515 . 475 

-0.017 

-1.1 

S     .36.7711 

4522.826 

+0.018 

4522.853 

-0.009 

-0.6 

Ti   .36.7803 

4522.956 

+0.018 

4522.974 

Ti   .37.0998 

4.527.481 

+0.009 

4527.490 

S     .37.1925 

4528.799 

+0.665 

4528.798 

+0.010 

+0.7 

Ti   38.&393 

4.552.617 

+6.6i5 

4.5.52.  &32 

Ti  .39.6038 

Standard 

±0.000 

45&3.9.39 

S     39.6048 

4563.954 

±0.000 

4563.939 

+0.015 

+1.0 

Curvature  Cor.  +0.0005  mm. 


Mean  +0.1  km. 
Computed  Velocity  +0.1 


1902,  April  19,  G.  M.  T.  U*'40"' 
Hour  angle  E  l"  15-° 


MOON-B  .328 
Moon  good;  comparison  good. 


Curvature  Cor.  +0.0008  mm. 


Mean  +0.9  km. 
Computed  Velocity  +0.9 
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Measured  by  A. 
Power  17 


S     28.5408 

4415.250 

±0.000 

4415.244 

+0.006 

+0.4 

Ti   28.&3.34 

4417.884 

±0.000 

4417.884 

Ti   29.8664 

Standard 

±0.000 

4427.200 

S     29.8&39 

4427. 42f5 

±0.000 

4427.420 

+0.006 

--0.4 

S     .30.8023 

44.T).879 

+0.007 

44.35.  a51 

+0.0^5 

--2.4 
--0.7 

S     .31. .51 46 

4442.508 

+0.013 

4442.. 510 

+0.011 

Ti   .31.6699 

4443.962 

+0.014 

4443.976 

S     .31.6721 

4443. 9a3 

+0.014 

4443.970 

+0.021 

+1.4 

S     .32.0910 

4447.920 

-0.004 

4447.892 

+0.024 

+1.6 

Ti   .32.2.397 

4449. 323 

-0.010 

4449.313 

8     .32.9485 

44.5(5,019 

-0.002 

44.50.030 

+0.017 

+1.1 

Ti   .33.1109 

Standard 

±0.000 

44.57.  (XX) 

S     .33.1168 

4457.  (>.50 

±0.000 

4457.  a56 

±0.000 

±0.0 

S     .3J.-2.5% 

44fj8.(i<i7 

-0.006 

4408.  (i(;3 

-0.002 

-0.1 

Ti   .•M.2598 

iim.cm 

-0.006 

44(i8.(i(k3 

S     .^5.fm2 

4470. 2'W 

±0.000 

4476. .314 

+0.010 

+1.1 

Ti   Si.. 5624 

4481.4.34 

+0.004 

4481.4.'}S 

S     .35.0.585 

4482.-385 

+0.004 

4482.. 370 

+0.013 

-1-0.9 

S     .3f;.8J*51 

441M.7.37 

±0.000 

4494. 7.'» 

-0.001 

-0.1 

Ti   .37.0518 

Standard 

±0.000 

449(i..318 

Ti   .37.. 5.570 

4.501.444 

+0.001 

4.501.445 

S     .37.. 5578 

4.501.446 

+O.0O1 

4501.422 

+0.025 

+1.7 

Edwin  B.  Frost  axu  Waltek  8.  Adams 
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1902,  Juue  20,  G.  M.  T.  ISi-  SS" 
Hour  auffle  W  0"  50'" 


MOON    B  363 

Moon  fair;  comparison  good. 


Measured  by  A. 
Power  20 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Moon  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

S      19.1323 

t.  m. 

4425.622 

t.  m. 

t.  m. 
±0.000 

t.  m. 
4425.608 

t.  m. 
+0.014 

km. 
+1.0 

Ti    19.3130 

Standard 

±0.000 

4427.266 

S      19.3,330 

4427.448 

±0.000 

4427.420 

+0.028 

+1.9 

S     20.2503 

44.35.860 

+0.017 

44.35.851 

+0.026 

+1.8 

S     20.9677 

4442.513 

+0.029 

4442.510 

+0.032 

+2.2 

S     21.1205 

4443.9.39 

+0.032 

4443.976 

-0.005 

-0.3 

Ti   21.1210 

4443.944 

+0.032 

4443.976 

S     21.5405 

4447.873 

+0.027 

4447.892 

+0.008 

+0.5 

Ti   21.6909 

4449.288 

+6.025 

4449.313 

Ti   22.3462 

Standard 

±0.000 

4455.485 

S     22.4025 

44.56.020 

+0.001 

4456.0.30 

-0.009 

-0.6 

S     23.7181 

4468.645 

+0.034 

4468. 6&3 

+0.016 

+1.1 

Ti   23.7164 

4468.629 

+6.034 

4468.663 

S     24.49.39 

4476.201 

+6.020 

4476.214 

+0.007 

+0.5 

Ti   25.0256 

4481.427 

+0.011 

4481.4.38 

S     25.1198 

4482.. 358 

+6.6ii 

4482.376 

-0.007 

-0.5 

S     26..3&33 

4494.754 

+0.015 

4494.738 

+0.031 

+2.1 

Ti    26.5171 

4496. 302 

+6.oi6 

4496.. 318 

S     26.5898 

4497.  a36 

+0.016 

4497.052 

+0.006 

+0.4 

S     27.0243 

4501.434 

±0.U0(J 

4501.422 

+0.012 

+0.8 

Ti   27.0254 

Standard 

±0.000 

4501.445 

Curvature  Cor.  +0.0008 mm. 


Mean  +0.8  km. 
Computed   Velocity  +0 . 2 


MOON  — B  363 


Measured  bv  F. 
Power  23 


Ti  30.6616 

S  .30.6809 

Ti  31.4173 

S  31.5268 

S  32.3159 

Ti  32.4724 

S  32.4726 

S  .32.8904 

Ti  33.0428 

S  .33.3024 

Ti  33.6958 

S  33.7513 

Ti  34.7906 

S  .35.0678 

Ti  35.3524 

S  35.84,38 

Ti  .36.. 3748 

S  .36.4713 

S  .37.7111 

Ti  ,37.8680 

S  .37.9397 

S  .38.3715 

Ti  38., 3741 

S  39.0627 

Ti  39.4964 

S  40.2157 

Ti  40.4650 

S  40.4530 

Ti  40.8955 

S  41.0209 


Standard 
4427.442 
44,34.189 
4435.199 
4442.536 
4443.977 
4443.978 
4447.893 
4449.327 
4451.776 
4455.503 
4456.0.31 
4465.985 
4468.664 
4471.426 
4476.220 

Standard 
4482.. 390 
4494.742 
4496.. 321 
4497.044 
4501.412 
4501.4,38 
4508.459 
4.512.917 
4520.. 372 

Standard 
4522.849 
4527.489 
4528.810 


bO.OOO 
-6.021 


-0.014 
-6'.6i8 


-0.010 

-o'.ois 
=6.666 


-o.a)3 

+6.616 
-6'.61i 
±6.666 
+6.661 


-0.021 
-0.004 

-6.661 

-0.009 

-6.616 
-6'.6l8 
-6.611 
-6.669 
±6'.666 

-0.003 

-6.663 
+0.010 

-6.662 

-6'.  662 

±6.660 

+6'.  001 


4427.266 
4427.420 
4434.168 
44.35.184 
4442.510 
4443.976 
4443.976 
4447.892 
4449.313 
4451.752 
4455.485 
4456.030 
4465.975 
4468.663 
4471.408 
4476.214 
4481.438 
4482.375 
4494.738 
4496.. 318 
4497.046 
4501.448 
4501.448 
4508.455 
4512.906 
4520.397 
4522.974 
4522.871 
4527.490 
4528.798 


+0.022 

-0.006 
+0.022 

+0.001 
-0.008 

-1-0.008 

-0.017 

-0.013 

-0.003 

+0.015 
-1-0.001 

-0.005 
-0.026 

+0.002 

-0.027 

-0.022 

-1-0.013 


+1.5 


-0.4 

+1.5 

-H).l 
-0.5 

+0.5 

-1.1 

-0.9 

-0.2 

+1.0 
+0.1 

-0.3 
-1.7 

+0.1 

-1.8 

-1.5 

-hO.J) 

Curvatui-e  Cor.  +  0.0013  mm. 


Mean    -  0.2  km. 
Computed  Velocity    +  0.2 
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Radial  Velocities  of  Twenty  Stars 


1902,  Julv  16.  G.  M.  T.  U"  28"' 
Hour  angle  E  0^42"° 


MOON— A  350 
Moon  fair;  comparison  fair. 


Measured  by  A. 
Power  17 


Mean  of  Settings 

Wave-LenBth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Moon  Lines 

Wave- Length 
in  Sun 

Displacement 

Velocity 

Ti    .'?0..^'»9 

t.  m. 
Standaril 

t.  m 
-4-0.000 

t.  in. 

t.  m. 
4427.266 

t.  m. 

km. 

S     .'W.3552 

4427.454 

--0.000 

4427.420 

+0.034 

+2.3 

S     30.9807 

44,35.178 

+0.006 

4435.184 

±0.000 

±0.0 

S     ,31.5670 

4442.498 

+0.012 

4442.510 

±0.000 

±0.0 

Ti  .31.6836 

4443.963 

+0.013 

4443.976 

S     31.9948 

4447.891 

-o.ooi 

4447.892 

-0.005 

-0.3 

Ti  .32.1081 

4449.323 

-0.010 

4449.313 

Ti  .32.5937 

4455.506 

-0.021 

4455.485 

S     .32.6366 

4456.055 

-0.021 

4456.030 

+0.004 

+0.3 

Ti  .33.6143 

4468.682 

-6.6i9 

4468.663 

S     .34.1884 

4476.204 

-0.008 

4476.214 

-0.018 

-1.2 

Ti  .34.5843 

Standard 

-tO.OOO 

4481.438 

S     34.6546 

4482.372 

-0.001 

4482.376 

-0.005 

-0.3 

S     33.5784 

4494.753 

-0.010 

4494.738 

+0.005 

+0.3 

Ti  .35.6948 

4496.329 

-0.011 

4496.318 

S     ^.7484 

■    4497.055 

-0.011 

4497.046 

-0.002 

-0.1 

S     36.06a3 

4501.421 

-0.013 

4501.422 

-0.014 

-0.9 

Ti  .36.0720 

4501.458 

-0.013 

4501.445 

S     .37.0281 

4514.625 

-0.006 

4514.617 

+0.002 

+0.1 

Ti  .37.9457 

Standard 

+0.000 

4.527.490 

S     .38.0405 

4528.832 

-0.001 

4528.798 

+0.033 

+2.2 

S     .38.4194 

4.5.34.221 

-0.010 

4534.168 

+0.043 

+2.8 

Ti  38.4714 

4534.964 

-0.011 

4534.953 

Curvature  Cor.  +0.000.5  mm. 


Mean  +0.4  km. 
Conii)iite(l  Vfloeity   +  U.4 


1902,  August  27,  G.  M.  T.  21" 47" 
Hour  angle  ES"  44'" 


MOON— B  401 


Moon  slightly  weak;  comparison  fair. 


Ciurature  Cor.  +0.0008  mm. 


Mean  —  1.1  km. 
C<m)|)uti-(1  Vcl(x;ity  —  1.5 


Measured  by  A. 
Power  28 


S     29.0862 

4425.591 

±0.000 

4425.608 

-0.017 

-1.2 

Ti  29.2702 

Standard 

+0.000 

4427.266 

S     29.2843 

4427.. 395 

±0.000 

4427.420 

-0.025 

-1.7 

S     .30.9248 

4442.. 512 

+0.003 

4442.510 

+0.(Xf> 

+0.3 

S     .31.0788 

4443.948 

+0  003 

4443. 97G 

-0.025 

-1.7 

Ti  .31.0814 

4443.973 

+o.oa3 

4443.976 

S     .31.4988 

4447.881 

+0.001 

4447.892 

-0.010 

-0.7 

Ti  .31.&510 

4449.. 312 

+0.001 

4449.. 313 

Ti  .32.. 3053 

44.55.495 

-0.010 

4455.485 

S     .32.. 3612 

44.56.026 

-0.010 

4456.0.30 

-0.014 

-0.9 

S     .^3.6784 

4468.  &51 

-0.018 

4468. 6&3 

-0.0,30 

-2.0 

Ti  .33.6815 

4468.681 

-0.018 

4468.663 

S     .34.4.5.56 

4476.208 

-0.008 

4476.214 

-0.014 

-0.9 

Ti  .34.9886 

Standard 

+0.000 

4481.4.38 

S     .35.0827 

4482.. 365 

±0.000 

4482.. 376 

-0.011 

-0.7 

S     .36.3243 

4494.714 

-0.003 

4494.7.38 

-0.027 

-1.8 

S     .36.9885 

4.5(;l.408 

-0.0U5 

4.501.422 

-0.019 

-1.3 

Ti  .36.9927 

4.501.4.50 

-0.005 

4501.445 

S     .39.0727 

4522.824 

+o.oo;5 

4522.853 

-0.026 

-1.7 

Ti  .39.0868 

4.522.971 

+0.003 

4522.974 

S     .39.3065 

4.525.266 

+0.001 

4525.285 

-0.018 

-1.2 

Ti  .39.. 5187 

Standard 

±0.000 

4.527.490 

8     .39.64.31 

4.528.797 

±0.000 

4528.798 

-0.001 

-0.1 
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1902,  September  13,  G.  M.  T.  16"  13" 
Hour  ansle  W  P  W" 


MOON  — B  408 

Moon  good;  comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Moon  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

Ti  31.74.36 

t.  m. 
Standard 

t.  m. 
4-0.000 

t.  m. 

t.  m. 

4427,266 

t.  m. 

km. 

S     31.7599 

4427.415 

±0.000 

4427.420 

-0.005 

-0.3 

S     32.4112 

44.33.. 390 

-1-0.005 

44,33.. 390 

+0.005 

+0.3 

S     33.3929 

4442.495 

-1-0.011 

4442. 510 

-0.004 

-0.3 

S     33.5520 

4443.982 

-f-0.012 

4443.976 

-1-0.018 

+1.2 

Ti  .33.5501 

4443.964 

-1-0.012 

4443.976 

S     33.9700 

4447.904 

+0.005 

4447.892 

+0.017 

+1.2 

Ti  34.1194 

4449.311 

+0.002 

4449.313 

Ti  34.7714 

44.55.486 

-0.001 

4455.485 

S     34.8303 

44.56.046 

-0.001 

44.56.030 

+0.015 

+1.0 

Ti  34.99.33 

Standard 

±0.000 

4457.600 

S     .34.9984 

4457.648 

±0.000 

4457.656 

-0.008 

-0.5 

Ti  36.1445 

4468.671 

-0.008 

4468.663 

S     36.1456 

4468.682 

-0.008 

4468. 6a3 

+0.011 

+0.7 

S     .36.9185 

4476.214 

-0.006 

4476.214 

-0.006 

-0.4 

Ti  37.4503 

4481.443 

-0.005 

4481.4.38 

S     .37.54.53 

4482.. 381 

-0.005 

4482.376 

±0.000 

±0.0 

S     .38.7829 

4494.718 

±0.000 

4494.7.38 

-0.020 

-1.3 

Ti  38.9418 

Standard 

±0.000 

4496.318 

S     39.0126 

4497.032 

±0.000 

4497.046 

-0.14 

-0.9 

Cm-vatiue  Cor.  +  0.0009  m. 


Mean  +  0.1  km. 
C!omputed  Velocity  +  0.2 


1902,  October  15,  G.  M.  T.  15"  44-" 
Hoiu-  angle  E  1"  l" 


MOON  — B  423 
Moon  good;  comparison  good. 


Curvature  Cor.  +  0.0008  mm. 


Mean  -  0.6  km. 
Computed  Velocity  —  0.4 


Measured  by  A. 
Power  21 


Ti  a3.6163 

Standard 

±0.000 

4427.266 

S     33.6.324 

4427.413 

±0.000 

4427.420 

-0.007 

-0.5 

S     .35.2019 

4441.876 

--0.006 

4441.881 

+0.001 

-1-0.1 

S     35.2673 

4442.485 

--0.006 
--0.007 

4442.510 

-0.019 

-1.3 

S     .35.42.34 

4443.942 

4443.976 

-0.025 

-1.7 

Ti  35.4262 

4443.969 

+0.007 



4443.976 

S     35.8448 

4447.891 

-K).005 

4447.892 

-1-0004 

-1-0.3 

Ti  .35.9956 

4449.309 

-|-o.a)4 

4449.. 313 

Ti  .36.6475 

4455 . 475 

-1-0.010 

44,55.485 

S     .36.7044 

4456.016 

+6.667 

4456.030 

-0.007 

-0.5 

Ti  .36.8708 

Standard 

±0.000 

4457.600 

S     .36.8771 

44,57.660 

±0.000 

4457.656 

+0.004 

+0.3 

S     .38.0184 

4468.625 

+0.006 

4468.663 

-0.032 

-2.1 

Ti  .38.0218 

4468.  a57 

+0.006 

4468.663 

S     .38.7970 

4476.206 

+o.6ii 

4476.214 

+0.003 

+0.2 

Ti  .39. 3279 

4481.423 

-^6.015 

4481.438 

S     .39.4226 

4482.. 357 

+<).6i5 

4482.. 376 

-0.004 

-0.3 

S     40.6621 

4494.707 

-1-0.017 

4494.7.38 

-0.014 

-0.9 

Ti  40.8205 

4496.. 301 

-1-0.017 

4496.318 

S     40.8926 

4497.028 

+o.6i5 

4497.046 

-0.003 

-0.2 

S     41.3250 

4501.401 

±0.000 

4501.422 

-0.021 

-1.4 

Ti  41.3293 

Standard 

±0.000 

4501.445 
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Radial  Velocities  of  Twenty  Stars 


1902,  November  6,  G.  M.  T.  IS"  38- 
Hour  angle  W  2''  54" 


MOON— B  444 
Moon  good;  comparison  good. 


Measuietl  by  A. 
Power  21 


Mean  of  Settings 

Wave-LeDBth  by 
Formula 

C!orrection  to 
Comp.  Lines 

Correction  to 
Moon  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

mm. 

Ti  .-woiee 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4427.206 

t.  m. 

km. 

S     .34.0332 

4427.418 

±0.000 

4427.420 

-0.002 

-0.1 

S     .34.6862 

4433.410 

-0.014 

4433.390 

+0.006 

+0.4 

Ti  .34.7701 

44.34.184 

-0.016 

4434.168 

S     .34.9510 

44.35.856 

-0.010 

4435.851 

-0.005 

-0.3 

S     .35.6659 

4442.504 

+0.012 

4442., 510 

+0.006 

+0.4 

Ti  .35.8214 

4443.959 

+0.017 

4443.976 

S     .35.8245 

4443.988 

+6.6i7 

4443.97(5 

+0.029 

+2.0 

S     36.2407 

4447.897 

+0.005 

4447.892 

+0.010 

+0.6 

Ti  36.3907 

4449.312 

+6.66i 

4449.313 

Ti  37.0401 

4455.471 

+0.014 

4455.485 

S     .37.1005 

4456.047 

+0.010 

4456.030 

+0.027 

+1.8 

Ti  37.2632 

Standard 

±0.000 

4457.600 

S     .37.2718 

4457.682 

±0.000 

4457.656 

+0.026 

+1.7 

S     .38.4118 

4468.668 

-0.009 

4468.663 

-0.004 

-0.3 

Ti  38.4123 

4468.672 

-0.009 

4468.663 

S     39.1858 

4476.228 

+O.0O8 

447G.214 

+0.022 

+1.5 

Ti  .39.7123 

4481.419 

+6.6i9 

4481.438 

S     39.8069 

4482.356 

+0.018 

4482.376 

-0.002 

-0.1 

S     41.0457 

4494.743 

+0.002 

4494.738 

+0.007 

+0.5 

Ti   41.2016 

Standard 

±6.666 

4496.318 

S     41.2751 

4497.061 

±0.000 

4497.046 

+0.015 

+1.0 

S     41.7048 

4501.425 

+0.001 

4501.422 

+0.004 

+0.3 

Ti  41.7067 

4501.444 

+6.66i 

4501.445 

Curvature  Clor.  +0.0009  mm. 


Mean  +0.7  km. 
Computed  Velocity  +  0.6 


a  ARIETIS 
Tlie  plate  of  a  Arietis  given  below  was  previously  published  in  Frost's  paper  on  the  Bruce 
spectrograph  "*  as  an  example  of  the  method  of  reduction. 


1901,  Novemljer  15,  G.  M.  T.  14"  .Se- 
Hour  angle  E  li"  40" 


a  ARIETIS— B  233 
Star  good;  comparison  strong. 


Measured  by  A. 
Power  21 


S     28.0279 

4442.418 

+0.015 

4442.510 

-0.077 

-5.2 

S     28.1850 

4443.880 

+0.015 

4443.976 

-0.081 

5.5 

Ti   28.19.37 

4443.961 

+0.015 

4443.976 

S     28.6055 

4447.808 

+0.004 

4447.892 

-0.080 

5.4 

Ti  28.7659 

Standard 

±6.666 

4449.313 

S     29.0187 

4451.691 

-0.001 

4451.752 

-0.062 

4.2 

Ti  29.64.36 

4457.604 

-0.004 

4457.600 

S     .30.79.31 

4468.614 

-0.004 

4468.663 

-0.053 

3.6 

Ti  .30.7987 

4468.667 

-0.004 

4468.663 

S     .31.5695 

4476.148 

+0.003 

4476.214 

-0.0&3 

4.2 

Ti  32.1089 

4481.431 

+0.007 

4481.438 

S     32.1972 

4482.. 300 

+0.006 

4482.376 

-0.070 

4.7 

Ti  32.8241 

4488.497 

-0.004 

4488.493 

S     .33.4467 

1  KM .  705 

-0.016 

4494.7.38 

-0.049 

3.3 

Ti  .33.6095 

11!«;..337 

-0.019 

4496.. 318 

S     .34.1050 

4."j(Jl..329 

-6.663 

4501.422 

-0.096 

6.4 

Ti  .34.1168 

4.501.448 

-0.003 

4501.445 

S     35.2379 

4.512.873 

-0.014 

4512.906 

-0.047 

3.1 

Ti  .^5.2425 

4.512.920 

-6. 614 

4512.906 

8     .35.4846 

4.515.411 

-0.012 

4515.475 

-0.076 

5.1 

Ti  .36.6468 

Standard 

-4-0.000 

4527.490 

S     .36.7676 

4.528.757 

-0,006 

4528.798 

-0.047 

3.1 

S     .37.. 3481 

45.34.877 

-0.a33 

4.5.34.953 

-0.109 

7.2 

Ti  .37..'»85 

4.5.34.986 

-6.6.33 

4.5.34.9.5:1 

Ti  .38.2862 

4544.874 

-0.010 

4.544.864 

S     38.3976 

4546.071 

-0.009 

4546.129 

-0.067 

4.4 
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a  ARIETIS—B  233~Confhwe<l 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Wave-Length  in  Sun 

Displacement 

Velocity 

Ti  39.0060 

t.  m. 
4552.639 

t.  m. 
-0.007 

t.  m. 

t.  m. 
4552.6.32 

t.  m. 

km. 

S     39.U32 

4554.128 

-0.013 

4554.211 

-0.096 

6.3 

Ti  39.2861 

4555.682 

-6.020 

4555.662 

S     40.0346 

4563.876 

-0.006 

4563.939 

-0.069 

4.5 

Ti  40.0409 

4563.945 

-0.006 

4563.939 

S     40.6947 

4571.177 

-0.002 

4571.275 

-0.100 

6.6 

S     40,7752 

4572.072 

-0.002 

4572.156 

-0.086 

5.6 

Ti   40.7829 

4572.158 

-6.662 

4572.156 

S     41.2421 

4577.286 

-0.007 

4577.356 

-0.077 

5.0 

S     42.3755 

4590.093 

-0.020 

4590.126 

-0.053 

3.5 

Ti  42.3801 

4590.146 

-0.020 

4590.126. 

S     44.6303 

4616.228 

-0.001 

4616.305 

-0.078 

5.1 

S     44.7282 

4617.383 

±0.000 

4617.452 

-0.669 

4.5 

Ti  44.7340 

Standard 

±0.000 

4617.452 

Ciirvatiu-e  Cor.  +  0.0008  mm.  Mean  -  4.8 

Va     -8.91 
Frf     +0.13 
Eecluctiou  to  Sun  -    8.78 

Radial  Velocity  -  13.6  km. 

The  results  of  other  observers  for  this  star  are  as  follows : 

Vogel -    -14.5 

Scheiner -14.9 

Lord         -------    -14.0 

Campbell      ------         -14.1 


a  TAURI 

Two  plates  of  this  star  have  been  measured,  both  by  A.  Of  these  B  191  is  slightly  inferior  for 
measurement  on  account  of  the  narrowness  of  its  star  spectrum,  the  photograph  having  been  taken 
previoiis  to  the  change  of  windows  in  the  occulting  bar. 

a  TAURI— B  191 
1901,  September  4,  G.  M.  T.  20''  0""  ^^  ^ .  _  ^,_  Measm-ed  by  A.  with  Zeiss  Comparator 


Horn-  angle  E  3"  27" 


Star  good ;  comparison  fair. 


Power  20 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
star  Lines 

Wave-Length  in  Sun 

Displacement 

Vclocitv 

Ti  46.0655 

t.  m. 
Standard 

t.  m. 
-t-0.000 

t.  m. 

t.  m. 
4457.600 

t.  m. 

l;m 

S     46.0170 

4458.060 

-f-O.OOO 

4457.656 

+0.404 

+27.2 

Ti   44.9084 

4468.656 

+o.a)7 

4468.663 

S     44.0847 

4476.633 

-0.025 

4476.214 

+0.394 

26.4 

Ti   43.5887 

4481.480 

-0.042 

4481.438 

Ti   41.5760 

4501.488 

-0.043 

4501.445 

S     41.5383 

4501.868 

-0.043 

4501.422 

—0.403 

26.8 

S     40.4909 

4512.508 

-0.074 

4512.063 

—0.371 

24.7 

Ti   40.4446 

4512.982 

-0.076 

4512.906 

S     40.4064 

4513.373 

-0.076 

4512.906 

+0.391 

26.0 

Ti  39.9322 

4518.248 

-0.050 

4518.198 

S     39.8965 

4518.616 

-0.050 

4518.198 

+0.368 

24.4 

Ti  39.4690 

4523.041 

-0.067 

4522.974 

S     39.0793 

4527.097 

-0.069 

4526.644 

+0.384 

25.4 

Ti   39.a350 

4527.559 

-0.069 

4527.490 

S     38.9948 

4527.979 

-6.069 

4527.518 

+0.392 

26.0 

S     38.8704 

4529.280 

-0.064 

4528.798 

+0.418 

27.7 

S     38.4366 

4533.831 

-0.051 

4533.419 

+0.367 

24.3 

Ti   38.3261 

4535.000 

-0.047 

4534.953 

Ti   37.3919 

4544.921 

-0.057 

4544.864 

S     37.3562 

4545.303 

-0.057 

4544.864 

+0.382 

25.2 

S     37.2345 

4546.606 

-0.065 

4546.129 

+0.412 

27.2 

Ti   37.0099 

4549.016 

-0.078 

4548.938 

S     36.9726 

4549.417 

-0.078 

4548.938 

+0.401 

26.4 
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Radial  Velocities  of  Twenty  Stars 


a  TAURI— 

B  \9\— Continued 

Mean  of  Settings 

Wave-Leneth  by 
Formiua 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Wave-Longth 
in  Sun 

Displacement 

Velocity 

S     36.8960 

t.  m. 
4550.241 

t.  m. 

t.  m. 
-0.069 

t.  m. 
4549.767 

t.  m. 
+0.405 

km. 
26.7 

S     36.4873 

4554.654 

-0.055 

4554.211 

+0.388 

25.6 

Ti  36.3896 

4555.713 

-0.051 

4555.662 

S     36.3502 

4556.140 

-0.051 

4555.662 

+0.427 

28.1 

Ti  35.6352 

Standard 

-*-0.000 

4563.939 

S     35.4341 

4.566.147 

+0.002 

4565.750 

+0.399 

26.2 

S     34.9308 

4.571.700 

+0.006 

4571.275 

+0.431 

28.3 

Ti  34.8903 

4572.150 

+0.006 

4572.156 

S     34.8516 

4.572.579 

+6.666 

4572.156 

+0.429 

28.1 

S     32.1946 

mrl .  620 

-0.007 

4602.  ia3 

+0.430 

28.0 

S     30.9806 

4616.74.3 

-0.014 

4616. 3a5 

+0.424 

27.5 

Ti  30-9191 

4617.466 

-6.614 

4617.452 

S     30.8819 

4617. 9ft3 

-0.014 

4617.452 

+0.437 

28.4 

Ti  30.4227 

4623.321 

-6.042 

4623.279 

S     29.5666 

4633.520 

-6.6:^5 

4&3.3.078 

+0.407 

26.3 

S     28.0527 

4&51.88;j 

-0.021 

4651.461 

+0.401 

25.8 

S     27.9800 

4652.777 

-0.020 

4K>2.343 

+0.414 

26.7 

Ti  27.6645 

4656.662 

-6.6i8 

4&56.644 

S     27.6303 

4657. 08;^ 

-6.6i8 

4a56.644 

+0.421 

27.1 

S     27.0799 

4663.910 

-0.005 

4663.481 

+0.424 

27.3 

Ti  26.7709 

Standard 

±6.66o 

4667.768 

Curvature  Cor.  +0.0002  mm. 


1902,  January  16,  G.  M.  T.  16"  15" 
Hour  angle  E  0^  SS- 


Mean  +26.6 

Va     +29.29 

Va     +  0.2(i 
Reduction  to  Sun  +29^5 

Radial  Velocity  +56.1  km. 

a  TAURI—'R2n 
Star  good ;  comparison  good. 


Curvature  Cor.  +0.0008  mm. 


Mean 
V„ 
Va 
Reduction  to  Sun 
Rjidial  Velocity 

170 


-22.16 
+  0.04 


+78.1 


-22.12 
+56.0  km. 


Measured  by  A. 
Power  20 


Ti  29.0002 

Standard 

-t-0.000 

4417.884 

S     29.3656 

4421. 2a3 

+0.015 

4420.100 

+1.118 

+75.9 

Ti  30.0248 

4427.2.31 

+0.0.35 

4427.266 

S     31.0761 

44.36.956 

+0.020 

44:«.851 

+1.125 

76.1 

S     .31.7232 

4443.012 

+0.009 

4441.881 

+1.140 

77.0 

S     .31.79a3 

4443.671 

+0.008 

4442.. 510 

+1.169 

78.9 

Ti  31.8249 

4443.968 

+0.008 

4443.976 

Ti  31.9487 

4445.1.34 

+0.008 

4443.976 

+1.166 

78.7 

S     .32.3640 

4449.061 

+0.009 

4447.892 

+1.178 

79.4 

Ti  .32.. 3897 

4449.. 304 

+0.009 

4449.. 313 

Ti  .33.2.5a3 

44.57.. 591 

+0.009 

4457.600 

S     :«.6781 

4461.632 

-0.015 

4460.460 

+1.1,57 

77.8 

S     33.8214 

4463.017 

-0.024 

4461.818 

+1.175 

79.0 

Ti   .33.9900 

4464.650 

-0.a33 

4464.617 

S     :«.3228 

4467.883 

-0.009 

4466.701 

+1.173 

78.7 

Ti   .'U. 40.32 

4468.667 

-0.004 

4468. 6a3 

S     35.29CJ5 

4477.. 372 

-0.001 

4476.214 

+1.1.57 

77.5 

Ti   :!5.7012 

Standard 

-v-0.000 

4481.4.38 

S     .'!5.!n72 

44a3..586 

-0.007 

4482.. 376 

+1.2a3 

80.5 

Ti   36.4875 

4489.288 

-0.026 

4489.262 

s    .■«.«;7t) 

4491.101 

-o.aio 

4489.911 

+1.160 

77.5 

Ti  :'ri.m2ii 

4501.490 

-0.045 

4.501.445 

H     .37.8(J.38 

4.502.624 

-0.045 

4501.422 

+1.157 

77.1 

S     .'W.hVT) 

4.506.209 

-o.a30 

4505. Oa3 

+1.176 

78.3 

Ti  .38.8029 

4.512.914 

-6.008 

4.512.906 

S     .38.9166 

4.514.094 

-O.W)8 

4.512.906 

+1.180 

78.4 

Ti  40.1912 

Standard 

-*-0.0(J0 

4527.490 

S     40.2266 

4.527.  a33 

±0.000 

4526.644 

+1 .  189 

78.8 

S     40.4.312 

4.5.30.002 

±0.000 

4528.798 

+1.204 

79.7 
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Summary  of  Measures  of  a  TAURI 


Plate 

Date 

Adams 

No.  of 

Lines 

B191 
B275 

1901,  Sept.  4 

1902,  Jan.  16 

+56.1 
+56.0 

27 
16 

Mean  +56.1  km. 

The  results  of  other  observers  for  this  star  are  as  follows : 

Vogel  , +47.6 

Scheiuer       ------  +49.4 

Keeler  (visual) +55.2 

Campbell +54.8 


a  BOOTIS 
Eight  plates  of  this  star  have  been  measured,  six  by  A.  and  four  by  F.,  giving  results  in  good 
agreement.     The  plates  are  nearly  all  of  excellent  quality,  with  those  of  Series  B  somewhat  superior 
for  purposes  of  measurement. 

a  BOOTIS—B  293 


1902,  March  12,  G.  M.  T.  18"  IS"- 
Horn-  auj^lo  E  2''  28'" 


Measured  by  A. 
Star  good;  comparison  good.  Power  20 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Wave-Length  in 
Sun 

Displacement 

Velocity 

Ti    29.1878 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 

4427.266 

t.  m. 

km. 

S      29.6177 

4428.4.56 

+o.a3i 

4428.711 

-0.254 

-17.2 

S     30.3878 

44.35.554 

+0.008 

44^5.8,51 

-0.289 

19.5 

S      31.0376 

4441.602 

+0.015 

4441.881 

-0.264 

17.8 

S     31.1051 

4442.234 

+0.015 

4442.510 

-0.261 

17.6 

S     31.2619 

4443.702 

+0.017 

4443.976 

-0.257 

17.3 

Ti    31.2893 

4443.959 

+0.017 

4443.976 

S      .31.6819 

4447.652 

-0.001 

4447.892 

-0.241 

16.2 

Ti    31.8588 

4449.323 

-0.010 

4449.. 313 

S     .32.0882 

4451.495 

-0.006 

4451.752 

-0.2a3 

17.7 

Ti   .32.7282 

4457.592 

+0.008 

4457.600 

S     32.9157 

4459.676 

+0.006 

4459.922 

-0.240 

16.1 

S     .33.6462 

4466.4,32 

+0.001 

4466.701 

-0.268 

18.0 

S      ,33.8510 

4468.420 

±0.000 

4468.663 

-0.243 

16.3 

Ti    a3.8760 

Standard 

±0.000 

4468. 6a3 

S      .34.62.32 

4475.966 

-0.004 

4476.214 

-0.252 

16.9 

Ti    ,35.1786 

4481.444 

-0.006 

4481.438 

S     .35.2997 

4482.644 

-0.005 

4482.904 

-0.265 

17.7 

S      36.48.37 

4494.487 

±0.000 

4494.7.38 

-0.251 

16.8 

S      36.7112 

4496.786 

+0.001 

4497.046 

-0.259 

17.3 

S     .37.1419 

4501.158 

+0.003 

4501.422 

-0.261 

17.4 

Ti    .37.1698 

4501.442 

+0.003 

4501.445 

S     .38.2623 

4512.657 

-0.020 

4512.906 

-0.269 

17.9 

Ti    ;«.2883 

4512.926 

-0.020 

4512.906 

S     38.7248 

4517.458 

-0.011 

4517.702 

-0.255 

16.9 

S     .38.7700 

4.517.9,30 

-0.009 

4518.198 

-0.277 

18.4 

Ti    .38.7966 

4518.207 

-0.(X)9 

4518.198 

Ti    39.2524 

4522.975 

-0.001 

4522.974 

Ti    ,39.6814 

Standard 

±0.000 

4527.490 

S     39.7821 

4528.556 

-0.005 

4528.798 

-0.247 

16.4 

S      40.2876 

4.5.33.923 

-0.029 

4534.168 

-0.274 

18.1 

Ti   40.3106 

4534.168 

-0.029 

4534.1,39 

S     40.. 3596 

4.534.691 

-0.025 

4534.9.53 

-0.287 

19.0 

Ti   40.3865 

4534.978 

-0.025 

4534.953 

Curvature  Cor.  +0.0008  mm. 


Mean  -17.4 

Va  +13.63 
Frf  +  0.19 
Eeduction  to  Sun  +13 .  82 

Radial  Velocity 
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3.6  km. 


BO 


Radial  Velocities  of  Twenty  Stabs 


1902,  March  13.  G.  M.  T.  17"  29" 
Hour  angle  E  3"  12°' 


a  BOOTIS— B  300 
Star  gcwd;  comparison  good. 


Measiuetl  by  A. 
Power  21 


Mean  of  Settings 

Wave-LeD^h  by 
Formula 

Correction  to 
Com  p.  Lines 

Correction  to 
Star  Lines 

Wave-LengtJi 
in  Sun 

Displacement 

Velocity 

mm. 

t.  111. 

t.  m. 

t.  ni. 

t.  m. 

t.  m. 

km. 

Ti    .-». 4.3.35 

Standard 

±0.000 

4427.266 

S     31.0758 

44;i3.ia3 

-0.001 

44:i5.:«0 

-0.228 

-15.4 

S     .31.9a39 

4441.. 589 

-0.002 

4441.881 

-0.294 

19.9 

S     32.0515 

4442.221 

-0.002 

4442.510 

-0.291 

19.6 

S     .32.2ia3 

4443.706 

-0.002 

4443.976 

-0.272 

18.4 

Ti   32.2.393 

4443.978 

-6.662 

4443.976 

S     32.6271 

4447.621 

-0.008 

4447.892 

-0.279 

18.8 

Ti   32.8077 

4449.324 

-0.011 

4449.. 313 

Ti   43.0773 

44.57.584 

+0.016 

4457.600 

S     .33.8967 

4459.684 

+0.013 

4459.922 

-0.225 

15.1 

S     .31.0914 

44t;i.:5.52 

+0.010 

4461.818 

-0.256 

17.2 

s    :u.&m 

4466. 461 

+o.oa3 

4466. 701 

-0.2:^7 

15.9 

S     .34.8012 

4468 . 408 

±0.000 

4468.66.3 

-0.255 

17.1 

Ti   .34.8275 

Standard 

±0.000 

4468.66.3 

S     .35.-57.39 

4475.948 

-0.009 

4470.214 

-0.275 

18.4 

Ti   .36.1."i30 

4481.4.54 

-0.016 

4481.4.33 

S     .36.2010 

4482.127 

-0.016 

4482.. 376 

-0.265 

17.7 

S     .37.4:iC7 

4494.464 

-0.020 

4494.7.38 

-0.294 

19.6 

Ti   .37.6226 

449(i.;!.39 

-0.021 

4496.. 318 

S     .37.6675 

4496.793 

-0.021 

4497.046 

-0.274 

18.3 

S     38.0972 

4501.148 

-0.005 

4501.422 

-0.279 

18.6 

Ti   .38.1269 

4.501.4.50 

-0.005 

4501.445 

S     .39.2206 

4.512.661 

+0.004 

4512.906 

-0.241 

16.0 

Ti    .39.2440 

4512.902 

+0.004 

4,512.906 

S     .39.7279 

4517.921 

-0.009 

4518.198 

-0.288 

19.0 

Ti   .39.7.5.54 

4518.207 

-0.009 

4518.198 

S     40. 5.314 

4526. 3(J2 

-0.001 

4.526.644 

-0.2a3 

18.8 

Ti   40.6414 

Stan.lard 

±0.000 

4527.490 

S     40.7409 

4528.540 

±0.000 

4528.798 

-0.258 

17.1 

Curvature  Cor.  +0.0008  mm. 


Mean  -17.8 

Va  +13.26 

Va  +  0.24 
Reduction  to  Sun  +13.50 

Radial  Velocity  —  4.3  km. 


a  HOnriH—B  .SOO 


Measured  by  F. 
Power  23 


Ti   .30.1742 

Standard 

±0.000 

4427.266 

S     30.15a3 

4427.120 

±0.000 

4427.420 

-0.-300 

-20.3 

S     .30.8809 

44.^3.7.57 

+0.015 

44.34.021 

-0.249 

16.8 

Ti   .30.9236 

44.34.1.52 

+0.016 

44.34.168 

S     .31.7920 

4442.218 

-0.002 

4442.510 

-0.294 

19.8 

Ti   .31.9804 

4443.981 

-0.005 

4443.976 

S     .32..3g57 

4447.600 

-0.022 

4447.892 

-0.314 

21.2 

Ti   .32.5.506 

4449. 343 

-o.a» 

4449.. 313 

Ti   .33.19ft3 

44.55.495 

-0.010 

44-55. 4a5 

S     .33.22.54 

44.55.729 

-0.015 

44-56.  a30 

-0.;}01 

20.3 

Ti   .33.4195 

44.57.596 

+0.004 

4457.600 

Ti   34.29.30 

4465.991 

-0.016 

4465.975 

S     .34.. 54.36 

4468.418 

-0.011 

4468  663 

-0.2.56 

17.2 

Ti   .34.-5699 

4468.674 

-o.oii 

4168.663 

Ti  M.ma 

4471.406 

+0.002 

4471.408 

S     .34.8675 

4471. 5<J8 

-0.004 

4171.846 

-0.282 

IS  ;) 

S     .^5.. 31.33 

1475.927 

-0.002 

4476.214 

-0.289 

19.1 

Ti   .35.87-31 

Standard 

±0.000 

4481.4-38 

S     .35.94(r2 

MS2.101 

±0.000 

4482.-376 

-0.275 

18.4 

S     .37.1760 

4494.4.33 

+0.004 

4494.7-38 

-0.-301 

20.1 

Ti   .37.. 3625 

44SJ6.313 

+0.005 

44tl6.-318 

S     37.7462 

4500.196 

+0.007 

4500.4-51 

-0.248 

16.5 
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a  BOOTIS—B  300— Continued 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

S      39.4258 

t.  m. 
4517.444 

t.  m. 

t.  m. 
+0.016 

t.  m. 
4517.702 

t.  m. 
-0.242 

km. 
16.1 

Ti   39.4968 

4518.182 

+0.016 

4518.198 

S     40.2750 

4526.323 

-'-i).bii 

4526.644 

-0.307 

20.3 

S     40.3614 

4527.232 

—0.014 

4527.518 

-0.272 

18.0 

Ti    40  3845 

4527.476 

+0.014 

4527.490 

S     40.4819 

4527.503 

+6.6i4 

4528.798 

-0.281 

18.6 

Ti   42.0156 

4544.866 

-6.662 

4544.864 

S     42.1032 

4545.811 

-0.003 

4546.129 

-0.314 

20.7 

S     42.2773 

4547.695 

-0.006 

4548.024 

-0.335 

22.1 

S     42.3632 

4548.625 

-0.008 

4548.938 

-0.321 

21.2 

Ti   42.3928 

4548.946 

-0.008 

4548.938 

Ti   42.7317 

Standard 

±0.000 

4552.632 

S     42.8497 

4553.919 

+0.005 

4554.211 

-0.287 

18.9 

Ti   43.0081 

4555.649 

+0.013 

4555.662 

Cui-vatm-e  Cor.  +0.0013 mm. 


Mean  -19.2 

Va  +13.26 

Frf  +  0.24 
Reduction  to  Sim  +13.50 

Radial  Velocity  —  5.7  km. 


1902,  March  26.  G.  M.  T.  IS"  58" 
Horn-  anffle  E  0"  32'" 


a  BOOT  IS— X  336 
Star  good;  comparison  strong 


Curvatm'e  Cor.  +0.0005  mm. 


Mean  -13.4 

Va  +7.97 
Va  +0.01 
Reduction  to  Sun  +8.01 

Radial  Velocity  —  5.1  km. 
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Measured  by  A. 
Power  20 


Ti    29.3151 

Standard 

±0.000 

4427.266 

S     29.4149 

4428.497 

-o.oa3 

4428.711 

-0.217 

-14.7 

Ti   29.8737 

4434.185 

-0.017 

44.34.168 

S     30.4712 

4441.664 

-0.011 

4441.881 

-0.228 

15.4 

S     30.52.37 

4442.325 

-0.011 

4442.510 

-0.196 

13.2 

S     30.6378 

4443.764 

-0.009 

4443.976 

-0.221 

14.9 

Ti   30.65.53 

4443,985 

-0.009 

4443.976 

S     .30.9494 

4447.709 

-0.018 

4447.892 

-0.201 

13.6 

Ti   .31.0772 

4449.334 

-0.021 

4449.313 

S     31.2.509 

4451.548 

-0.017 

44.51.7.52 

-0.221 

14.9 

Ti   31.7235 

4457.609 

-0.009 

4457.600 

8     31.9310 

4460.287 

-0.016 

4460.460 

-0.189 

12.7 

Ti   .32.3716 

4466.008 

-0.033 

4465.975 

S     32.4110 

4466.522 

-o.oa3 

4466.701 

-0.212 

14.2 

S     32.5634 

4468.514 

-0.0.34 

4468.663 

-0.183 

12.3 

Ti   32.5774 

4468.697 

-0.034 

4468.663 

S     a3. 1.346 

4476.028 

-0.013 

4476.214 

-0.199 

13.3 

Ti   33.5420 

Standard 

±0.000 

4481.4.38 

S     33.6004 

4482.217 

-0.001 

4482.376 

-0.160 

10.7 

Ti   .34.6475 

4496.  ;«0 

-0.012 

4496.318 

S     34.6870 

4496.868 

-0.011 

4497.046 

-0.189 

12.6 

S     35.00.58 

4.501.224 

-0.004 

4501.422 

-0.202 

13.5 

Ti   .35.0222 

4501.449 

-0.004 

4501.445 

S     .36.2164 

4518.013 

-0.013 

4518.198 

-0.198 

13.1 

Ti   .36.2305 

4.518.211 

-0.013 

4518.198 

Ti   .36.8874 

Standard 

±0.000 

4527.490 

S     .36.9675 

4528.629 

-6.666 

4528.798 

-0.175 

11.6 

S     .37.. 3447 

4.534.021 

-0.036 

45.34.168 

-0.183 

12.1 

Ti   .37.3555 

4534.175 

-0.036 

4534.139 

S     .37.3954 

45.34.748 

-0.023 

4534.953 

-0.228 

15.1 

Ti   .37.4113 

4534.976 

-0.023 

4534.953 
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Radial  Velocities  of  Twenty  Stars 


1902,  April  2,  G.  M.  T.  15"  51- 
Hour  angle  E  3"  31" 


aBOOTIS  —  Bmi 
Star  good;  comparison  good. 


Measured  by  A. 
Power  20 


Mean  of  Settings 

Wave-LeoKth 
by  Formula 

CorrectioD  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Ware-Length  in  San 

Displacement 

Velocity 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  .go. 8922 

Standard 

+0.000 

4427.266 

S     31.0324 

44-J8..5,51 

±0.000 

4428.711 

-0.160 

-10.8 

S     .31.8070 

44.35.695 

-0.002 

44:35.  aji 

-0.158 

10.7 

S     32.4550 

4441.729 

-0.003 

4441.881 

-0.155 

10.5 

S     32  5236 

4442.. 371 

-o.oa3 

4442.510 

-0.142 

9.6 

S     .32.6807 

4443.844 

-0.004 

4443.976 

-0.136 

9.2 

Ti  .32.6952 

4443.980 

-0.004 

4443.976 

S     33.0958 

4447.749 

-0.007 

4447.892 

-0.150 

10.1 

S     33.2499 

4449.205 

-0.009 

4449. 313 

-0.117 

7.9 

Ti  33.2623 

4449.322 

-0.009 

4449.313 

Ti  .34.1.327 

4457.603 

-0.003 

44.57.600 

S     .34. 3622 

4459. 8a3 

-0.002 

4459.922 

-0.121 

8.1 

S     .34. 5.565 

4461.671 

-0.002 

44G1.818 

-0.149 

10.0 

S     .35.2666 

4468.. 541 

±0.000 

4468.063 

-0.122 

8.2 

Ti  .35.2791 

Standard 

±0.000 

4468. 6a3 

S     .36.0.388 

4476.090 

+6.664 

4470.214 

-0.120 

8.0 

Ti  .36.5803 

4481.4.32 

+0.006 

4481.438 

S     .36.0622 

4482.243 

+6.665 

4482., 376 

-0.128 

8.6 

S     37.4167 

4489.763 

-o.oa3 

4489.911 

-0.151 

10.1 

S     .37.8973 

4494.595 

-0.009 

4494. 7.3S 

-0.1,52 

10.1 

Ti  .38.0890 

4496.329 

-0.011 

449G.318 

S     .38.1273 

4496.919 

-6.666 

4497.040 

-0.1.36 

9.1 

S     38.5563 

4501.274 

+0.001 

4,501.422 

-0.147 

9.8 

Ti  38.57:» 

4501.444 

+0.001 

4501.445 

S     .39.6769 

4512.776 

+0.004 

4512.906 

-0.126 

8.4 

Ti  .39.6890 

4512.902 

+0.004 

4512.906 

S     40.1840 

4.518.043 

±0.000 

4518.198 

-0.155 

10.3 

Ti  40.1989 

Standard 

±0.000 

4.518.198 

Curvature  Cor.  +0.0008  mm. 


Mean  —  9.4 

Va  +  5.04 

Vd  +0.26 
Reduction  to  Sun  +5.30 

Radial  Velocity  —4.1  km. 


«o6r/.S      B3()4 


Measured  by  F. 
Power  17 


S     29.ia31 

4309.778 

±0.000 

4399.903 

-0.125 

-8.5 

Ti  29.2110 

Standard 

±0.000 

4399  9.35 

S     29.9727 

4406.666 

-6.6i6 

4iii(;  sio 

-0.1.54 

10.5 

S     30.4776 

4411.165 

-0.019 

4!  11   -Jill 

-0.094 

6.4 

Ti  :«.4881 

4411.2.59 

-0.019 

4411.210 

Ti  .32.2585 

4427.278 

-0.012 

4427.266 

S     .32.2616 

4427.. 307 

-6.6i2 

4427.420 

-0.125 

8.5 

S     .33.8921 

4442.402 

-0.016 

4442.510 

-0.124 

8.4 

Ti  .34.(J619 

4443. 9a3 

-0.017 

4443.976 

S     .31.4644 

4447.780 

-0.027 

4447.892 

-0.1.39 

9.4 

Ti  .34.6.301 

4449. .345 

-0.032 

4449.313 

S     .34.75.3;5 

41.50.511 

-0.029 

4450.597 

-0.115 

7.8 

Ti  .35.2782 

44.V)..')(X)      • 

-0.015 

4455.485 

S     .35.4912 

44.57.. 5.%5 

-0.015 

4457.  &56 

-0.1.36 

9.2 

Ti  .35.4995 

4457.615 

-0.015 

44.57.600 

Ti  .37.9474 

Standard 

±0.000 

4481.4.38 

S     .38.f)304 

4482.280 

±0.000 

4482.. 376 

-0.116 

7.8 

S     .39.2647 

4494.-599 

-0.001 

4494.7.38 

-0.140 

9.3 

Ti  .3f). 4.351 

449<i..319 

-6.66i 

4496.. 318 

S     .3f J.  92.56 

4.5(J1.2« 

-0.014 

4501.422 

-0.142 

9.5 

Ti  .3JJ.9418 

4.t(J1.4.59 

-0.014 

4.501.445 

S     n.OiW 

4.512.795 

-6.662 

4512.906 

-0.113 

7.5 

Ti   41.(^75 

4.51 2. 9f« 

-0.002 

4.512. 9(Xi 

Ti   42,4.516 

4527.473 

+0.017 

4.527.45)0 

S     42. 5673 

4.528.695 

+0.015 

4.528.798 

-0.088 

5.8 
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a  boOtis- 

B  304  — Continued 

MeaD  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Wave-Leogth 
in  Sun 

Displacement 

Velocity 

Ti  44.0811 
S     44.1872 
S     44.4471 
S     44.9271 
Ti   45.0724 

t.  m. 
4544.873 
4546.020 
4548.838 
4554.071 
Standard 

t.  m. 
-0.009 

±6!666 

t.  m. 

-6!  008 
-0.005 
-0.001 

t.  m. 
4544.864 
4546.129 
4548.938 
4554.211 
4555.662 

t.  m. 

-0.117 
-0.105 
-0.141 

km. 

7.7 
6.9 
9.3 

Meau  -8.3 

Curvatiu-e  Cor.  -0.87 

Va+  5.04 
I^,  +  0.26 
Reduction  to  Sim  +  5 .  30 

Radial  Velocity  —  3.8  km. 


1902,  Aprils,  G.  M.  T.  IS"  56"- 
Hour  angle  E  3"  15" 


a  BOOTIS'-B  311 
Star  excellent;  comparison  excellent. 


Ciirvatm-e  Cor.  +0.0012  mm. 


Mean  -8.4 

Va  +4.60 

Vd  +0.24 
Reduction  to  Sun  +  4 .  84 

Radial  Velocity  —3.6  km. 


Measured  by  F. 
Power  17 


Ti   29.21,36 

Standard 

-1-0.000 

4,399.9,35 

S     29.1950 

4,399.772 

±0.000 

4,399.903 

-0.131 

-8.9 

S     29.9756 

4406.664 

-0.002 

4406.810 

-0.148 

10.1 

S     30.4744 

4411.106 

-0.004 

4411.240 

-0.138 

9.4 

Ti  30.4898 

4411.244 

-0.004 

4411.240 

Ti  ,32.2622 

4427.279 

-0.013 

4427.266 

S     32.2&39 

4427.286 

-0.013 

4427.420 

-0.147 

10.0 

S     a3.8967 

4442., 393 

^-0.000 

4442.510 

-0.117 

7.9 

Ti  34.0658 

4443.976 

-t-0.000 

4443.976 

S     .34.4718 

4447.794 

-0.017 

4447.892 

-0.115 

7.8 

Ti  34.&3.50 

4449., 3.34 

-0.021 

4449.. 313 

S     .34.7568 

44,50.486 

-o.ois 

4450.597 

-0.129 

8.7 

Ti  a5.2843 

4455.496 

-0.011 

4455.485 

S     .35.4991 

4457.547 

-0.008 

4457.656 

-0.117 

7.9 

Ti  35.5055 

4457.608 

-0.008 

4457.600 

Ti  .37.9557 

Standard 

±0.000 

4481.4.38 

S     38.0400 

4482.273 

-0.001 

4482.. 376 

-0.104 

7.0 

S     39.2742 

4494.602 

-0.015 

4494.738 

-0.151 

10.1 

Ti  .39.4459 

4496.. 3.35 

-0.017 

4496.. 318 

S     ,39.9335 

4501.277 

-0.016 

4501.422 

-0.161 

10.7 

Ti  39.9516 

4501.461 

-0.016 

4501.445 

S     41.0574 

4.512.800 

-f0.007 

4512.906 

-0.099 

6.6 

Ti  41.0670 

4512.899 

+0.007 

4512.906 

Ti   44.0912 

4544.848 

-1-0.016 

4544.864 

S     44.1983 

4.546.005 

- -0.014 

4546.129 

-0.110 

7.3 

S     44.4581 

4548.820 

--0.010 

4548.938 

-0.108 

7.1 

S     44.9415 

4554.086 

- -0.002 

4554.211 

-0.123 

8.1 

Ti  45.0855 

Standard 

±0.000 

4555.662 

1902  May  7,  G.  M.  T.  l?"  17"^ 
Hour  angle  W  0^  17"" 


a  BOOTIS—B  342 
Star  good;  comparison  good. 
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Measured  by  F. 
Power  17 


Ti  30.001 

Standard 

-»-0.000 

4427.266 

S     30.029 

4427.530 

0.000 

4427.420 

+0.110 

+7.4 

S     .30.751 

44,34.147 

-0.025 

44.34.021 

+0.101 

6.8 

Ti  30.756 

4434.193 

-0.025 

4434.168 

S     32.238 

4447.981 

-0.005 

4447.892 

+0.084 

5.7 

Ti  32.380 

4449.. 317 

-0.004 

4449.313 
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Radial  Velocities  of  Twenty  Stabs 


a  BOOTIS  —  B  Mi— Continued 


Mean  of  Settings 

Wave-Leneth  by 
Formxila 

Correction  to 
Comp.  Lines 

Correction  to 
Moon  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

S     32.989 

t.  m. 
4455.075 

t.  m. 

t.  m. 
-0.016 

t.  m. 
4454. 9a3 

t.  m. 
+0.066 

km. 
4.4 

Ti  33. (Xa 

4455.503 

-0.018 

4455.485 

Ti  33. -2^ 

4457.596 

+0.004 

4457.600 

S     .33.269 

4457.740 

+6.664 

4457.656 

+0.088 

5.9 

Ti  31.127 

4465.967 

+0.008 

4465.975 

S     31.418 

4168.780 

+6.668 

4468.663 

+0.125 

8.4 

S     35.189 

4476.288 

+0.010 

4476.214 

+0.084 

5.6 

Ti  35.712 

4481.427 

+0.011 

4481.438 

S     35.81S 

4482.473 

+6.6ii 

4482.376 

+0.108 

7.3 

S     37.056 

4494.809 

+0.001 

.     4494.738 

+0,072 

4.8 

Ti  37.206 

Standard  . 

±0.000 

4496.318 

S     37.716 

4501.479 

+6.662 

4501.422 

+0.059 

3.9 

S     38.811 

4513.012 

+0.006 

4512.906 

+0.112 

7.4 

Ti  40.233 

4527.478 

+0.012 

4527.490 

S     40.246 

4527.615 

+6.6i2 

4527.518 

+0.109 

7.2 

S     40.369 

4528.910 

+0.012 

4528.798 

+0.124 

8.2 

Ti   41.865 

4544.852 

+o.6i2 

4544.864 

S     41.992 

4546.222 

+6.6i6 

4546.129 

+0.103 

6.8 

S     42.736 

4554.297 

+0.001 

4554.211 

+0.087 

5.7 

Ti  42.861 

Standard 

±6.666 

4555.662 

Curvature  Cbr.  +0.001  mm. 


Mean 

Va 
Vd 

+  6.4 
—  9.90 
—0.03 

Reduction  to  Sun 

—  9.93 

Radial  Velocity 

—  3.6  km 

1902,  June  26,  G.  M.  T.  15"  30" 
Hour  angle  W  1"  34"" 


o  BOOTIS—B  371 
Star  slightly  weak;  comparison  good. 


Curvature  Cor.  +0.0008 mm. 


Mean 

Va 
Vd 

Reduction  to  Sun 
Radial  Velocity 


—  23.85 

—  0.13 


+  20.3 


—  23.98 

—  3.7  km. 


Measured  by  A. 
Power  17 


Ti  32.6666 

Standard 

+0.000 

4427.266 

S     .32.aT68 

4429.004 

±0.000 

4428.711 

+0.293 

+19.8 

S     .31.. 3503 

4442.805 

±0.000 

4442.510 

+0.295 

19.9 

Ti   31.17.58 

4443.976 

±0.000 

4443.976 

S     .34.5112 

4444. 307 

±0.000 

4443.976 

+0.,3,31 

22.3 

S     .31.9280 

4448.217 

-0.006 

4147.892 

+0,319 

21.5 

Ti   .35.0152 

4449. 320 

-0.007 

4449.. 313 

Ti  .35.9202 

44.57.613 

-0.013 

44.57.600 

S     .36.2.511 

44G0.779 

-0.009 

4460.460 

+0..310 

20.8 

Ti  .37.0699 

Standard 

±0.000 

4468.663 

S     .37.1045 

4468.998 

±6.666 

4468. 6a3 

+0  .3.^5 

22.5 

S     .37.8768 

4176. 523 

-0.013 

4476.214 

+0..390 

19.8 

Ti   .38.. 3790 

4481.400 

-0.022 

4481.4.38 

S     .38.5036 

4482.690 

-0.023 

4482.. 376 

+0.291 

19.5 

Ti  .39.8726 

4496. 318 

-0.030 

4496. 318 

S     .39.9741 

4497.371 

+0.024 

4497.046 

+0.301 

20.1 

Ti   40.. 3770 

4.501.447 

-0.002 

4.501.445 

S     40.4046 

4.501.727 

-0.002 

4.501.422 

+O..303 

20.2 

Ti  41.4987 

4.512.917 

-0.011 

4512.906 

S     41.7730 

4.515.7.50 

-0.009 

451.5 .  475 

+0.266 

17.7 

Ti  42.8987 

4527.492 

-0.002 

4527.490 

S     43.W.39 

4.529.126 

-0.004 

4.528.798 

+0.324 

21.5 

Ti   44.9110 

4.548.964 

-0.026 

4548.9.38 

S     44.9.386 

4.549.263 

-0.026 

4548. 9:« 

+0.299 
+0.284 

19.7 

S     45.4204 

4.554.499 

-0.004 

45.54.211 

18.7 

Ti  45.5269 

Standard 

±0.000 

4555.662 
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1902,  September  6,  G.  M.  T.  IS"  43" 
Horn-  anffle  W  i"  38'" 


a  BOOTIS—A  373 
Star  good;  comparison  good. 


Measured  by  A. 
Power  28 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Wave-Length 
in  Sun 

Displacement 

Velocity 

Ti  29.1810 

t.  m. 
Standard 

t.  m. 
+0.000 

t.  m. 

t.  m. 
4427.266 

t.  m. 

km. 

S    20.2066 

4427.580 

4-0.000 

4427.420 

-K).160 

-hlO.8 

S    29.. 3129 

4428.886 

-1-0.001 

4428.711 

-1-0.176 

11.9 

S    29.8890 

4436.008 

-f0.008 

4435.8,51 

-1-0.165 

11.2 

S    30.4227 

4442.673 

-K).014 

4442.510 

-1-0.177 

11.9 

Ti  30.. 5252 

4443.961 

-1-0.015 

4443.976 

S    30.5.392 

4444.137 

-1-0.015 

4443.976 

-t-0.176 

11.9 

S    30.8512 

4448.072 

-0.003 

4447.892 

-\-o.in 

11.9 

Ti  .30.9499 

4449.. 322 

-0.009 

4449.313 

Ti  31.4.348 

4455.494 

-0.009 

4455.485 

S    ,31.4904 

4456.205 

-0.008 

4456.030 

-1-0.167 

11.2 

Ti  32.2483 

Standard 

-1-6.666 

4465.975 

S    32.3175 

4466.874 

-^0.000 

4466.701 

—0.173 

11.6 

S    32.9524 

4475.176 

-1-0.005 

4475.026 

—0.155 

10.4 

S    a3.0439 

4476,381 

-1-0.006 

4476.214 

—0.173 

11.6 

Ti  ,33.4257 

4481.430 

-1-0.008 

4481.4,38 

S    33.5085 

4482.5.30 

-^.669 

4482.376 

-1-0.163 

10.9 

S    ,34.4.310 

4494.900 

—0.015 

4494.738 

-H).177 

11.8 

Ti  .34.5.345 

4496., 302 

-1-0.016 

4496.318 

S    .34.5999 

4497.189 

4<).6i3 

4497.046 

-H).156 

10.4 

Ti  .34.9126 

4,501.446 

-0.001 

4501.445 

S    34.9224 

4501.579 

-6.661 

4501.422 

-1-0.156 

10.4 

Ti  35.7445 

4512.895 

-H).oii 

4512.906 

S    35.7562 

4.513.0.57 

■+o.6ii 

4512.906 

-f0.162 

10.8 

S    35.9421 

4515.642 

-f0.009 

4515.475 

-1-0.176 

11.7 

Ti  36.7859 

Standard 

4-0.000 

4527.490 

S    36.8902 

4.528.968 

±0.000 

4528.798 

+0.110 

11.3 

CiuTatiu'e  Cor,  -1-0.0005  mm. 


Mean 

Va 
V,, 

Reduction  to  Sun 
Radial  Velocity 


-15.79 
-  0.,30 


-1-11.3 


-16,09 
-  4,8  km. 


Summary  of  Measures  of  a  BOOTIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

B  293 

1902,  March  12 

-3.6 

21 

B  300 

March  13 

-4.3 

18 

-5.7 

ig 

A  336 

March  26 

-5.4 

17 

B  304 

April      2 

-4.1 

18 

-3.8 

16 

B  311 

AprU      3 

-3.6 

15 

B  342 

May        7 

-3.6 

15 

B  371 

June     26 

-3.7 

14 

A  373 

Sept.      6 

-4.8 

17 

Mean  —4.3 

Mean  of  8  plates 
Mean  of  all  measures 

The  results  of  other  observers  for  this  star  are  as  follows: 


-4,2 


-4,2  km. 
-4.3  km. 


Vogel  and  Scheiner —7.7 

Belopolsky       -        -         -         -        -         -  —5,7 

Keeler  (visual)  -         -----  —6.8 

Newall -5,9 
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Radial  Velocities  of  Twenty  Stars 


PLATES  OF  STARS  OF  THE  ORIOX  TYPE 

The  detailed  measurements  on  the  different  plates  on  the  Orion  stais  follow.  The  stars  are 
arranged  in  order  of  right  ascension,  and  the  separate  plates  of  the  same  star  in  chronological 
order.  The  magnitudes  of  the  stare  are  from  the  Harvard  Photometry,  and  the  spectral  classes  are 
according  to  Miss  Maury's  classification  (Annals  of  Harvard  College  Observatory,  Vol.  XXVIII,  1898). 
The  form  of  tabulation  is  the  same  as  for  the  control  plates,  and  all  necessary  explanations  are  found 
in  the  introductory  note  to  those  plates,  and  in  the  general  discussion  of  the  method  of  measurement 
(p.  7). 


1.     7  PEGASI 

m.  A.  =  0^  8"';  Dec.  =  +  U°  38  ;  Mag.  3.3;  Class  IVa) 

Eight  plates  of  this  star  have  been  measured,  seven  by  A.,  and  five  by  F.,  with  four  common  to 
the  two  observers.  As  compared  with  the  more  recent  plates  both  the  stellar  and  comparison  sjwc- 
tra  of  the  earlier  plates  are  distinctly  inferior.  The  spectrum  of  this  star  is  much  better  adapted  to 
accurate  measurement  than  that  of  the  average  star  of  the  Orion  type.  All  of  the  lines  are  compara- 
tively narrow,  and  numerous  oxygen  and  nitrogen  lines  are  present. 


1901.  September  .5.  G.  M.  T.  21"  28" 
Hour  angle  W  2"  22"' 


y  PEGASI— k  215 

Star  strong;  comparison  fair. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-LcnBth  by 
Form  ma 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wavc- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  2.0..3921 

Standard 

+0.000 

4.^38.084 

S    26.4.567 

4.349.4.38 

-0.007 

4349.. 541 

-0.110 

-7.6 

Ti  :». 562.0 

4.'595.2.37 

-0.036 

4395.201 

S    .34.1140 

44.37.  &39 

-0.005 

44.37.718 

-0.084 

5.7 

Ti  .34.62.56 

Standard 

-t-0.000 

4443.976 

Ti  .%5.a>40 

4449.. 327 

-0.014 

4449.. 313 

Ti  36. 5711 

4468. 6:« 

-f  0.0.33 

4468. 6a3 

S    .36.7924 

4471.493 

+0.036 

4471.676 

-0.147 

9.9 

S    .37.. 5.3.36 

4481 . 1&3 

+0.046 

4481.400 

-0.191 

12.8 

Ti  .37. 5.510 

4481. 392 

+0.046 

4481.438 

Ti  42.7055 

4.5.52.627 

-1-0.005 

45.52.632 

S    42.70a3 

4.5.52.668 

+0.005 

4552.750 

-0.077 

5.1 

Ti  4^  Alio 

Standard 

-i-O.OOO 

4563.  ft39 

S    4.3.74.30 

4.567.860 

±0.000 

4567.950 

-0.090 

5.9 

Curvature  Cor.  +0.0001  mm. 


Weighted  mean  —  7.8 

Va  +11.66 

Va  -  0.19 
Rf(lu(tk)n  to  Sun  +11.47 

Radial  Velocity  +3.7  km. 


Mean  —7.8 
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1901,  September  6.  G.  M.  T.  IT"?" 
Hour  angle  £2"  20"' 


7  PEGASI-  A  218 


Star  strong ;  comparisou  good. 


Measured  by  A. 
Power  21 


Curvature  Cor. +0.0001  mm. 


Weighted  mean 

Va 

Va 
Reduction  to  Sun 
Radial  velocity 


-   6.4 


+11.29 
+  0.17 


"+11.46 
+  5.1  km. 


Mean  of  Settings 

Wave-Leugth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  23.8216 

t.  m. 
Standard 

t.  m. 

^-0.000 

t.  m. 


t.  m. 
4.3'«.084 

t.  m. 

km. 

S    24.0582 

4.340.. 589 

-0.002 

4.340. 6;U 

-0.047 

-3.2 

1 

S    28.3715 

4.388.086 

-0.a34 

4.388.100 

-0.048 

3.3 

1 

Ti  28.99.37 

439."). -240 

-0.039 

4.395.201 

S    .30.6752 

4il4  978 

-0.037 

4415.076 

-0.135 

9.2 

i 

Ti  31.7013 

'!427.;?U1 

-0.0.35 

4427.266 

S    32.5469 

4437.641 

-0.017 

44.37.718 

-0.094 

6.4 

2 

Ti  .33.0591 

4443.982 

-0.006 

4443.976 

Ti  as. 4860 

Standard 

-^0.000 

4449.. 313 

S    35.2302 

4471.5.39 

+0.014 

4471.676 

-0.123 

8.2 

2 

S    a5. 97.51 

4481.2.54 

+0.021 

4481.400 

-0.125 

8.4 

3 

Ti  .35.9875 

4481.417 

+0.021 

4481.4.38 

Ti  41.9166 

Standard 

-1-0.000 

4563.9.39 

S    42.1850 

4567.907 

±6. 000 

4567.950 

-0.049 

3.2 

2 

1901,  September  18,  G.  M.  T.  14*' 50" 
Hour  angle  E  3"  22"' 


y  PEGASI— A  23.3 
Star  good;  comparison  fair. 


Measured  by  A. 
Power  21 


Ti  18.67,31 
S  18.9045 
S  23.1969 
Ti  23.8163 
S  25.5017 
S  25.6718 
Ti  25.7.371 
S  27.a544 
Ti  27.8622 
Ti  29.8037 
S  30.0261 
S  30.77.33 
Ti  30.7803 
Ti  35.9145 
S  .35.9204 
Ti  .36.6889 
S  ,36.9529 
Ti  37.2418 
Ti  40.1867 
S    41.0140 


Standard 
4.340. 549 

4.388.083 
4.395.2.39 
4415.111 
4417 . 151 
4417. 9a5 
44:!7.660 
444.3.974 
Standard 
4471,548 
4481.. 330 
4481.422 


.542 
.627 
4.5(3.3.899 
4567 . 810 
4.572.115 
Standard 
4a30.687 


-0.0.38 


+0.002 
±0.000 


-1-0.016 
-1-0.090 


-1-0.040 


+0.041 
±0.(XX) 


-0.002 
-0.032 


-0.0.50 
-0.051 


-j-oxm 

-1-0.016 


-1-0.090 

+o!646 


4.338.084 
4.340.  (!34 
4388.100 
4.395.201 
4415.076 
4417.121 
4417.884 
4437.718 
4443.976 
4468 .  (563 
4471.676 
4481.400 
4481. 4;J8 
45.52.6.32 
4552.750 
4.5&3.9.39 
4567.950 
4572.156 
4617.452 
4630.703 


-0.087 
-0.049 


-0.015 
-0.021 


-0.124 
-0,054 


-0.0.33 
-0.100 

-0.016 


-6.0 
3.4 


1.0 
1.4 


8.3 
3.6 


2.2 
6.6 


Curvature  Cor.  +0.0001  mm. 


Weighted  mean 
Va 

Vd 
Reduction  to  Sun 
Radial  Velocity 


+  5.71 
+  0.25 


—  3.3 
I 

"+  5.96 
+  2.7  km. 


Mean— 3.8 
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7  PEGASI—X  233 


Measured  by  F. 
Power  17 


Weighted  mean 
Cui'vature  Cor. 

Va    +5.71 

Vd    +0.25 

Reduction  to  Sun 

Radial  Velocity 


-3.3 
0.24 


+  5.96 
+  2.5  km. 


Mean  of  Settings 

Wave-Longth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  29.999 

Standard 

±0.000 

4a38.084 

S     X.-ZTG 

4.340.613 

-0.001 

4:i40.634 

-0.022 

-1.5 

1 

Ti  .3.5. 551 

4.399.987 

-0.052 

4;»9.9:a 

S     .36.8-29 

4415.102 

-0.054 

4415.076 

-0.028 

-1.9 

2 

S     .36.709 

4417.175 

-0.054 

4417.121 

0.000 

0.0 

2 

Ti  37.065 

4417.9,38 

-0.054 

4417.884 

Ti  .37.8.39 

4427. 3(J3 

-0.037 

4427.266 

S     .38.684 

44.37.684 

-0.029 

44.37.718 

-0.0G3 

-4.3 

2 

Ti  .39.192 

4444.001 

-0.025 

4443.976 

Ti  4].i:« 

4468. G80 

-0.017 

4468.063 

S     41.. 3^59 

4471.609 

-6.614 

4471.676 

-0.081 

-5.4 

3 

Ti  42.110 

Standard 

±0.000 

4481.4.38 

S     42.102 

4481.. '135 

±0.000 

4481.400 

-0.065 

-4.4 

3 

Ti  47.245 

4.552.592 

+0.040 

4552.6:^2 

S     47.2.52 

4.5.52.690 

+0.040 

45.52.750 

-0.020 

-1.3 

2 

Ti  48.018 

4.553.9.30 

+0.009 

4563.9,39 

S     48.284 

4567.872 

+«.0O6 

4.567.9.50 

-0.072 

-4.7 

2 

Ti  48.. 571 

Standard 

±0.000 

4572.156 

Mean— 2.9 


7  PEGASI—\  2-15 


1902,  September  26, 

G.  M.  T.  14"  5"- 

Measured  by  A 

Hour  angle  E  3"  38° 

Star  fair;  comparison  strong. 

Power  21 

Ti  .32..3(m 

4.386.958 

+0,049 

4.387.007 

S     .32.4662 

4.388.125 



+0.042 

4.388.100 

+0.067 

+4.6 

1 

Ti  .33.4861 

Standard 

±0.000 

4.399.9.35 

S     .34.7662 

4415.061 

-0,016 

4415.076 

-0.0.31 

-2.1 

1 

S     .'i4.a382 

4417.119 

-0.018 

4417.121 

-0.020 

-1.4 

1 

Ti  .35.fXB6 

4417.9(13 

-0.019 

4417.884 

He  .3fi..3113 

4471. 6<;i 

+0.015 

4471.676 

S     .39.31.37 

4471.692 

+0.015 

4471.676 

+0.031 

+2.1 

1 

S     40.(J624 

4481.476 

-0.040 

4481.400 

+0,ai6 

+2.4 

3 

Ti  40.0625 

4481.478 

-0.040 

4481.4:58 

Ti  43.4488 

Standard 

±o.m) 

4.527.490 

Ti  45.2104 

4.552.632 

±0.000 

4552.632 

S     45.2191 

4.5.52.7.59 

±0,000 

45.52.7.50 

+0,009 

+0.6 

2 

Ti  45.JJ822 

4.563.92.3 

+6.6i6 

4.563.9.39 

ft     46.2.587 

4.568.010 

+0,003 

4567.950 

+0.063 

+4,1 

2 

Ti   46..5:«3 

4.572.165 

-0,009 

4572.1.56 

S     46,72&3 

4.575. 0fJ2 

-0.008 

4.574.900 

+0.094 

+6.2 

1 

Ti  49.4881 

Standard 

±0.000 

4617.4.52 

Curvature  Cor.  +0.0 

001  mm. 

R 

Weighted  mean                +2.1 
Va    +1.80 
Vd    +0.27 

eduction  to  Sun                +2.07 

M 

[ean+2.1 

R 

adial  Velocil 

y 

+  4.2  km. 
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1901,  October  16,  G.  M.  T.  12"  46" 
Horn-  anffle  W  2"  20-" 


7  PEOASI~B  194 


Measured  by  F. 
Power  17 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  21.834 

Standard 

±0.000 

43.38.084 

S     22.178 

4340.812 

-0.002 

4.340.634 

+0.176 

+12.2 

1 

S     27.956 

4388.406 

-0.063 

4388.100 

+0.243 

16.6 

3 

Ti  28.756 

4395.274 

-0.073 

4395.201 

Ti  29.305 

4400.038 

-0.100 

4.399.935 

S     31.052 

4415.399 

-0.084 

4415.076 

+0.2.39 

16.2 

2 

S     31.285 

4417.480 

-0.082 

4417.121 

+0.277 

18.8 

2 

Ti  31.340 

4417.966 

-0.082 

4417.884 

Ti  32.384 

4427.361 

-0.095 

4427.266 

S     33.550 

44.38.004 

-0.075 

4437.718 

+0.211 

14.3 

3 

Ti  34.203 

4444.037 

-0.061 

4443.976 

Ti  36.816 

4468.721 

-0.058 

4468.663 

He  37.118 

4471.636 

+0.040 

4471.676 

S     37.158 

4472.018 

-0.052 

4471.676 

+0.290 

19.4 

4 

Ti  38.130 

4481.472 

-0.0.34 

4481.438 

S     38.142 

4481.595 

-0.034 

4481.400 

+0.161 

10.8 

5 

Ti  41.270 

Standard 

±0.000 

4512.906 

Ti  42.680 

4527.471 

+0.019 

4527.490 

Ti  45.045 

4552.591 

+0.041 

4552.632 

S     45.077 

4552.936 

+0.041 

4552.750 

+0.227 

15.0 

4 

Ti  46.085 

4563.911 

+0.028 

4563.939 

S     46.471 

4568.156 

+0.034 

4.567.9.50 

+0.240 

15.8 

3 

Ti  46.829 

4572.116 

+0.040 

4.572.156 

S     47.091 

4575.026 

+0.039 

4574.900 

+0.200 

13.1 

2 

Ti  48.431 

4.590.091 

+6.035 

4.590.126 

S     48.532 

4591.233 

+0.0.36 

4591.066 

-0.203 

13.3 

S     49.002 

4596.602 

+0.040 

4596.291 

-0.351 

22.9 

3 

Ti  50.793 

4617.392 

+6.06t) 

4617.4.52 

S     51.926 

4630.844 

+0.051 

46.30.703 

+0.192 

12.1 

1 

S     53.466 

4649.493 

+0.0.38 

4649.250 

+0.281 

18.1 

3 

Ti  54.044 

46.56.610 

+0.0.34 

4656.644 

S     54.478 

4661.990 

+0.0.32 

4661.728 

+0.294 

18.9 

4 

Ti  54.938 

4667.7.39 

+0.029 

4667.768 

Ti  56.071 

Standard 

±0.000 

4682.088 

He  58.478 

4713.414 

-0.162 

4713.. 308 

S     58.496 

4713.659 

-0.162 

4713.. 308 

+0.245 

15.6 

5 

Weighted  mean 
Curvatiu'e  Cor. 

Va 
V,i 

Keductioii  to  Sim 
Kadial  Velocity 


-8.21 
-0.19 


-16.30 
-  0.27 


8.40 


1901,  November  27,  G.  M.  T.  12"  11" 
Hour  angle  E  1"  27-° 


+  7.6  km. 
7  PE'GAS/— B  246 
Star  good  ;  comparison  good. 


Curvature  Cor.  +0.0008  mm. 


Weighted  mean  +  30.7 

Va  —24.93 
Va    +  0.12 
Keduction  to  Sun  — 24.81 

Radial  Velocity  +   6.9  km. 

181 


Mean +  15.8 


Measiu-ed  by  A. 
Power  21 


Ti  24.24.38 

Standard 

±0.000 

4.387.007 

S     24.4247 

4.388.571 

±o.O(;x) 

4388. ITO 

+0.471 

+32.2 

2 

Ti  26.9971 

4411.222 

+0.018 

4411.240 

S     27.4696 

4415.466 

+6.6i6 

4415.076 

-1-0.406 

27.6 

3 

Ti  33.1.500 

4468.669 

-0.006 

4468.663 

S     33.5051 

4472.1.34 

-0.004 

4471.676 

-K).454 

.30.4 

2 

Ti  .34.4500 

Standard 

±0.000 

4481.4.38 

S     34.4929 

4481.863 

±0.000 

4481.400 

-1-0.463 

31.0 

2 

Ti  41.2867 

4552.593 

+0.0.39 



4552.632 

S     41.3428 

4553.206 

+0.0.39 

4552.750 

-fO.495 

32.6 

2 

Ti  42.3138 

4563. 9a3 

-1-0.0.36 

4563.939 

S     42.7187 

4568.410 

-1-0.019 

4567.950 

-K).479 

31.4 

3 

Ti  43.0535 

Standard 

±0.000 

4572.156 

Mean +30.9 
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Kadial  Velocities  of  Twenty  Stars 


7  PEGASI—B  246 


Measured  by  F. 
Power  17 


Mean  of  Settings 

Wave- Length 
by  Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Ware- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  ra. 

t.m. 

t.m. 

km. 

S      29.961 

4367.455 

+0.057 

4367.012 

+0.500 

+34.3 

1 

Ti  :*).ooo 

4.367.782 

+0.057 

4.367.839 

Ti  32. 259 

Standard 

+0.001 

4387.007 

S     3-2.440 

4.388.571 

-6.661 

4.388.100 

+0.470 

.32.1 

2 

S     .35.489 

4415.497 

-0.042 

4415.076 

+0.379 

25.7 

3 

Ti  .35  759 

4417.  a34 

-o.(m 

4417.884 

Ti  .37  534 

44.34.182 

-0.014 

4434.168 

S     ,37.972 

44:».2.51 

-6.029 

44.37.718 

+0.504 

34.1 

2 

Ti  .38.219 

4440.551 

-0.036 

4440.515 

Ti  40,892 

44&5.998 

-0.023 

44&5.975 

Ti  41.4.51 

4471.4.39 

-0.031 

4471.408 

S     41.5.32 

4472.2.31 

-0.019 

4471.676 

+0,.5.36 

35.9 

2 

Ti  42.467 

Standard 

+0.001 

4481.4.38 

S     42. 514 

4481.902 

+0.001 

4481.400 

+0.503 

a3.7 

3 

Ti  49.:506 

4552.612 

+0.020 

4.552.6:32 

S     49. 362 

4553.241 

+6.6i7 

4552.750 

+0.491 

.32.3 

2 

Ti  49. 5*4 

4.555.656 

+0.005 

4555.662 

Ti  52.6.54 

Standard 

+0.001 

4.590.126 

S     52.789 

4591.682 

±0.000 

4.591.066 

+0.616 

40.2 

1 

Weighted  mean 

+  32.6 

Curvature  Cor. 

—  0.90 

Va 

—24.93 

Va 

+  0.12 

Reduction  to  Sun 

-24.81 

Radial  \'elocity 

+  6.9  km 

Mean +33.5 


1902,  August  22.  G.  M.  T.  20^  40" 
Hour  angle  W  0^  40"' 


7  PEGASI—B  39.^ 
Star  good;  comparisou  good. 


Measured  by  A. 
Power  17 


S     25. 31 76 

4.387.943 

±0.000 

4.388.100 

-0.1.57 

-10.7 

1 

Ti  26.1.587 

Standard 

±0.000 

4:a5.20i 

S     28.3946 

4414.893 

-0.024 

4415,076 

-0.207 

11.2 

2 

S     28.6.302 

4417.  ari 

-0.027 

4417.121 

-0.146 

9.9 

1 

Ti  28.7.316 

4417.912 

-0.028 

4417.884 

Ti  29.7690 

4427.  :501 

-0.a35 

4427.266 

S     .30.8940 

44:57.613 

-0.002 

44.37.718 

-0.107 

7.2 

1 

Ti  31.5778 

4443.964 

+0.012 

4443.976 

Ti  .34.1776 

Standard 

±0.000 

4468.663 

S     .34.4670 

4471.468 

+o.oa5 

4471.676 

-0.2tt5 

13.8 

2 

S     .'55.4614 

4481.192 

+0.015 

4481.400 

-0.193 

12,9 

3 

Ti  .'55.4849 

4481.423 

+0,015 

4481.4.38 

S     42.. 3591 

4.5.52.. 566 

+0.013 

4.552.750 

-0.171 

11.3 

3 

Ti  42.3640 

4552.619 

+0.013 

4.5.52.632 

Ti  43.. 3973 

4.563,942 

-0.003 

4.563. 9.TJ 

S     43.7499 

45f57.846 

-0.002 

4.567.950 

-0.106 

7.0 

2 

Ti  44.1. '571 

Standard 

±0.000 

4572.156 

S     44..'5(5.'«) 

4.574.682 

±0.000 

4574,900 

-0.218 

14.3 

2 

Curvature  Cor.  +0.0009  mm. 


-11.6 


Weighted  mean 

Va  +17.60 
Va  -  0.(K! 
Reduction  to  Sun 
Radial  Velocity  +^6. 9km. 


+17.54 


Mean  — 11.2 
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7  PEGASI—B  395 


Measured  by  F. 
Power  17 


Mean  of  Settings 

Wave-Lensth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  30.0036 

t.  m. 

4.338.093 

t.  m. 

-0.009 

t.  m. 

t.  m. 
4.3.38.084 

t.  m. 

km. 

S     30.2982 

4340.438 

-0.006 

4.340.  a34 

-0.202 

-14.0 

2 

Cr  30.8273 

Standard 

±0.000 

4.344.670 

Cr  34.0985 

4371.478 

-0  0.36 

4.371.442 

S     36.0509 

4388.025 

-0.038 

4.388.100 

-0.113 

7.7 

3 

Ti  36.8869 

4395.240 

-0.039 

4.395.201 

S     39.1255 

4414.957 

-0.059 

4415.076 

-0.178 

12.1 

2 

Ti  39.4590 

4417.945 

-0.061 

4417.884 

Ti  40.4960 

4127.321 

-0.055 

4427.266 

S     41.6236 

4437.667 

-0.049 

4437.718 

-0.100 

6.8 

3 

Ti  42.3077 

4444.021 

-0,045 

4443.976 

Ti  44.9038 

4468.682 

-0.019 

4468. 6&3 

S     45.1978 

4471.531 

-0.015 

4471.676 

-0.160 

10.7 

3 

S     46.1916 

4481.246 

±0.000 

4481.400 

-0.154 

10.3 

4 

Ti  46.2109 

Standard 

±0.000 

4481.4:^8 

S     53.0861 

4552.573 

+0.007 

4.5.52.7.50 

-0.170 

11.2 

3 

Ti  53.0909 

4552.625 

+0.007 

4552.6.32 

Ti  53.3687 

4555.651 

4-0.011 

4555.662 

Ti  54.1247 

4563.949 

-0.010 

4563.939 

S     54.4745 

4567.82b 

±0.000 

4567.9.50 

-0.1.30 

8.5 

3 

Ti  54.8641 

Standard 

±0.000 

4572.156 

S     55.0962 

4574.750 

±0.000 

4574.900 

-0.150 

9.8 

2 

Weighted  meau  —  9.9 

Curvature  Cor.  -  0.82 

Va  +17.60 
Vd—  0.06 
Reduction  to  Siui 
Radial  Velocity 


"+17.54 
+  6.8  km. 


Meau— 10.1 


1902,  October  9,  G.  M.T.  l?"-  53" 
Hour  angle  W.  1''  5" 


y  PEGASI—B  il9 
Star  good;  comparison  good. 


Measured  by  A. 
Power  21 


Ti  22.0428 

Standard 

±0.000 

4338.084 

S     22.3850 

4.340.812 

-0.001 

4.340.6.34 

+0.177 

+12.2 

1 

S     28.1141 

4.388.. 306 

-0.014 

4.388.100 

+0.192 

13.1 

1 

Ti  28.9134 

4.395.217 

-o.oie 

4395.201 

Ti  29.4541 

4.399.9.35 

±o.aio 

4399.9.35 

S     .31.1782 

4415.206 

-6.666 

4415.076 

+0.124 

8.4 

2 

S     31.4124 

4417.. 308 

-0.007 

4417.121 

+0.180 

12.2 

1 

Ti  31.4773 

4417.891 

-0.007 

4417.884 

Ti  32.5113 

4427.2.58 

+0.008 

4427.266 

S     a3.6671 

4437.885 

+6.oa3 

44.37.718 

+0.170 

11.5 

2 

Ti  34.3214 

Standard 

±0.000 

4443.976 

Ti  36.9141 

4468.  &57 

+0.006 

4468.663 

S     37.2371 

4471.795 

+0.012 

4471.676 

+0.1.31 

8.8 

3 

Ti  .38.2175 

4481.406 

+0.0,32 

4481.4.38 

S     .38.2291 

4481.521 

+0.032 

4481.400 

+0.153 

10.2 

5 

Ti  45.08.35 

4552.625 

+0.007 

4552.  &32 

S     45.1120 

45.52.935 

+0.007 

4552 . 750 

+0.192 

12.6 

2 

Ti  46.11.36 

Standard 

±0.000 

4563.9.39 

S     46.4929 

4568.149 

-6.668 

4567.950 

+0.191 

12.5 

4 

Ti  46.8533 

4572.172 

-0.016 

4572.156 

Curvature  Cor.  +0.0008  mm. 


Weighted  mean 

Va     - 

Va    - 
Reduction  to  Sun 
Radial  Velocity 

183 


+11.0 
4.63 
0.09 

—  4.72 
+  6.3  km. 


Mean+11.3 
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Radial  Velocities  of  Twenty  Stars 


7  PEGASI—B  419 


Measuied  by  F. 
Power  17 


Uean  of  Settings 

WaTe-Longth  by 
Formula 

Correction  to 
Ck>mp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.m. 

t.  m. 

t.  m. 

t.m. 

km. 

Ti  29.9510 

4387.035 

-0.028 

4387.007 

S     30.0991 

4388.309 

-0.025 

4388.100 

+0.184 

+12.6 

1 

Ti  30.8962 

4395.207 

-0.006 

4395.201 

Ti  31.4378 

Standard 

±0.000 

4399. 9a5 

S     as. 1676 

4415.266 

-0.003 

4415.076 

+0.187 

12.7 

2 

Ti  a3.45S4 

4417.878 

-H)006 

4417.884 

Ti  34.4958 

4427.279 

-0.013 

4427.266 

S     a5.65.-W 

44.37.925 

-0.004 

44.37.718 

+0.203 

13.7 

1^ 

Ti  36.3U37 

4443.980 

-0.004 

4443.976 

Ti  38.8970 

4468.667 

-0.004 

4468. 66:^ 

Ti  39.1795 

4471.410 

-0.002 

4471.408 

S     .39.2222 

4471.825 

-0.002 

4471.676 

+0.147 

9.9 

'■i'4 

Ti   40.2a30 

Standard 

±0.000 

4481.438 

S     40.2149 

4481.556 

±0.000 

4481.400 

+0.156 

10.4 

3 

Ti   47.0704 

4552. G25 

-j-0.007 

4552.632 

S     47.0981 

4552.926 

+0.007 

4552.750 

+0.183 

12.0 

2 

Ti  48.1009 

4.%3.a31 

+6.668 

4563.939 

S     48.4826 

4568.163 

+0.004 

4567.950 

+0.217 

14.2 

2 

Ti   48.8408 

Standard 

±0.000 

4572.156 

S     49.1014 

4575.108 

+0.001 

4574.900 

+0.209 

13.7 

1 

Ti  50.4284 

4590.113 

+0.013 

4590.126 

Curvature  Cot.  +0.0013  mm. 


Weighted  mean 

Va  -4.63 
Vd  -0.09 

Reduction  to  Sun 

Radial  Velocity 


+12.0 


-  4.72 
+  7.3  km. 


Mean  +12.4 


S0MMABY  OF  Measures  op  y  PEGASI 


A  215 

1901 

Sept. 

5 

A  218 

Sept. 

6 

A  2a3 

Sept. 

18 

A  245 

Sept. 

26 

B  194 

Oct. 

16 

B  246 

Nov. 

27 

B  .3!)5 

1902 

,  Aug. 

22 

B  419 

Oct. 

9 

+5.9 
+5.9 
+6.3 


+2 


+7.6 
+6.9 
+6.8 
+7.3 


Mean 


+4.8 


+6.2 


Mean  of  8  plates  +.').3  km. 
Mean  of  all  measures  +5.4  km. 


2.     KCASSIOPETAE 

(R.  A.  =  0^  ai";  Dec.  =  +  53'  21 ' ;  M:ig.  3.7;  Class  IVa) 

Four  folates  of  this  star  have  been  mea-sured,  with  two  common  to  tin-  two  observers.  The 
spectrum  has  much  the  same  lines  as  in  the  case  of  y  Pegasi,  but  the  lines  are  consideraljly  broader, 
and  accurate  measurement  is  consequently  more  difficult. 
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1901,  October  31,  G.  M.  T.  IS''  50" 
Hour  auffle  E  O''  20"' 


f  CASSIOPEIAE —A  281 
Star  fair;  comparison  fair. 


Measured  by  F. 
Power  17 


Mean  of  Settings 

WaTe-Lensth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti   29.4825 

t.  m. 

4338.046 

t.  m. 
+0.038 

t.  m. 

t.  m. 
4a38.084 

t.  m. 

km. 

S     29.7341 

4.340.725 

+0.0.38 

4,340.634 

+0.129 

+8.9 

1 

Ti   30.0789 

4.344.414 

+0.6.37 

4344.451 

S     32.1530 

4,367.070 

+0.001 

4,367.012 

+0.059 

+4.0 

V, 

Ti   32.2221 

Standard 

±0.000 

4,367.8,39 

Ti   a3.9222 

4.387.046 

-0.039 

4387.007 

He  34.0167 

4.388.1.31 

-0.0.31 

4,388.100 

S     34.0234 

4,388.208 

-0.036 

4388.100 

+0.072 

+4.9 

2 

Ti   35.4240 

4404.496 

-o.oia 

4404. 4a3 

S     36.3179 

4415.105 



-0.072 

4415.076 

-0.043 

-2.9 

2 

Ti   36.5559 

4417.9.58 

-0.074 

4417.884 

Ti   37.8895 

44.34.174 

-0.006 

44.34.168 

S     38.1825 

44.37.790 

+0.001 

4437.718 

+0.073 

+4.9 

IH 

Ti   38.4019 

4440.510 

+6.66.5 

4440.515 

Ti   40.4150 

4465.983 

-0.008 

4465.975 

S     40.8538 

4471.663 

-0.005 

4471.676 

-0.018 

—1.2 

3 

Ti   41.6007 

Standard 

±6.666 

4481.4.38 

S     41.6002 

4481.431 

±0.000 

4481.400 

+0.0,31 

+2.1 

4 

Ti   46.7395 

45.52.. 599 

+o.oa3 

4,552.632 

S     46.7538 

4552.807 

+0.033 

4552.750 

+0.090 

+5.9 

2 

Ti   46.9467 

4555.620 

+0.042 

4555.662 

Ti   47.5099 

45a3.894 

+0.045 

4563.939 

S     47.7895 

4568.0.36 

+0.0.38 

4567.950 

+0.124 

+8.1 

1 

Ti   49.2547 

Standard 

±0.000 

4,590.126 

Ti   51.7687 

Standard 

±0.000 

4629.521 

S     51.8431 

46.30.717 

±0.000 

4630.703 

+0.014 

+0.9 

2 

Ti   54.0936 

Standard 

±0,000 

4667.768 

Ti   56.5594 

Standard 

±0.000 

4710.. 368 

He  56.7282 

4713.365 

-0.057 

4713.308 

S     56.7296 

4713.391 

-0.028 

4713.308 

+0.055 

+3.5 

3 

Curvatme  Ck)r.+0.0009  mm. 


Weighted  mean 

Va 

Vd 
Reduction  to  Sim 
Radial  Velocity 


-1.90 
-0.02 


+  2.7 


—  1.88 
+  0.8  km. 


Mean +.3.6 


f  CASSIOPEIAE— B  211 
1901,  November  7,  G.  M.  T.  14"  43" 
Hour  angle  E  0''  43'"  Star  good;  comparison  on  but  one  side  of  star  spectrum. 


Measured  by  A. 
Power  21 


Ti   19., 3141 

Standard 

±0.000 

4338.084 

Ti   25.2765 

4.387.103 

-0.096 

4,387.007 

S     25.4128 

4,388.268 

-0.094 

4,388.100 

+0.074 

+5.1 

2 

S     30.99,39 

44,37.819 

-0.010 

44,37.718 

+0.091 

6.2 

1 

Ti   .31.6579 

Standard 

±0.0(X) 

4443.976 

Ti   34.2661 

4468.670 

-0.007 

4468.663 

S     34.. 5904 

4471.803 

±6.oo6 

4471.676 

+0.127 

8.5 

3 

Ti   35.5771 

4481.413 

+0.025 

4481.438 

S     a5.5847 

4481.497 

+0.025 

4481.400 

+0.122 

8.2 

2 

Ti   42.4790 

45.52.614 

+0.018 

4552.632 

S     42.5045 

4552.890 

+0.018 

4552.750 

+0.1,58 

10.4 

2 

Ti   43.5160 

Standard 

±0.000 

4563.939 

S     43.89.31 

4568.101 

±0.000 

4567.750 

+0.151 

9.9 

1 

Ti   44.2586 

4572.1,57 

-0.001 

4572.156 

S     44.5133 

4574.996 

-0.001 

4574.900 

+0.095 

6.2 

1 

Cmvature  Cor.  +0.0002  mm. 


Weighted  mean 

Va  —4.48 
Vd  +0.04 
Reduction  to  Sun 
Radial  Velocity 

185 


+9.7 


-4.44 


+  3. 5km. 


Mean  +7.8 
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Radial  Velocities  of  Twenty  Stars 


1901,  November  27.  G.  :M.  T.  16^  48" 
Hour  angle  W  2"  49" 


f  CASSIOPEIAE^B  218 
Star  good;  comparison  good. 


Measured  liy  A. 
Power  21 


Curvature  Cor.  +0.0009  mm. 


Weighted  mean 

Va 

Frf 
Reduction  to  Sun 
Radial  Velocity 


+ 15.5 


Mean  of  Settings 

WaTe-Lencth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Wpisht 

Ti  25.8586 

t.  m. 
Standard 

t-m. 
±0.000 

t.  m. 

t.  m. 
4387.007 

t.  m. 

km. 

S     25.0051 

4.388.274 

+6.662 

4.388.100 

+0.176 

+12.0 

3 

Ti  28.6093 

4411.207 

+6.033 

4411.240 

S     29.2890 

4417. 324 

+6.62! 

4417.121 

+0.224 

15.2 

1 

Ti  31.1.310 

44.34.181 

-6.6i.3 

44.34.  laS 

S     31.5420 

4438.000 

±0.000 

44.37.718 

+0.282 

19.1 

3 

Ti  32.1785 

4443.956 

+6.020 

4443. 97G 

Ti  .34.7653 

4468.700 

-0.037 

4468.6(53 

S     .Y).0971 

4471.938 

-0.028 

4471. 67G 

+0.234 

15.7 

2 

Ti  .36.0618 

Standard 

±0.000 

4481. 4:!8 

S     36.07.36 

4481.555 

±0.000 

4481.400 

+0.1,55 

10.4 

3 

Ti  42.8983 

4552.605 

.  +0.027 

4552.  &32 

S     42.9342 

4552.998 

+6.627 

4552.750 

+0.275 

18.1 

2 

Ti  43.9288 

4563.956 

-0.017 

4563.9.39 

S     44.. 3155 

4568.259 

-0.013 

4.567.950 

+0.296 

19.4 

1 

S     44.a318 

4575.170 

-0.010 

4574.900 

+0.260 

17.0 

1 

Ti  46.2466 

Standard 

±0.000 

4590.126 

S     46.8046 

4596.563 

±6.666 

4596.291 

+0.272 

17.8 

2 

Mean +16.1 


f  CASSIOPEIAE—B  248 


Curvature  Cor.  -I-0.(X)15  mm. 


Weightwl  meiin  +13.9 

Va  —11.41 
V„         0.14 
RfKluction  to  Sun  — 11.55 

Radial  Vekxiity  +2.4  km. 


Measured  ])y  F. 
Power  12 


Ti  .34.9060 

4.340.689 

+0.108 

4340.6.34 

+0.163 

+11.3 

2 

S     .34.9975 

4341.425 

+0.105 

4341.5.30 

Ti  w.am 

Standard 

±0.000 

4.387.007 

S     40.6127 

4.388.284 

+6.663 

4;»8.100 

+0.189 

12.9 

3 

Ti   42.4605 

4404.465 

+6.6.32 

4404.4,33 

S     43.fi<X)5 

4415.187 

+6.627 

4415.076 

+0.1.38 

9.4 

'i 

Ti   45.74tt} 

44.34.184 

+0.016 

44.34.168 

S     46.1.508 

44.37.994 

+6.6i6 

4437.718 

+0.286 

19.3 

1 

Ti   49.09&5 

4406.007 

-6.632 

44(55.975 

S     49.7048 

4471.911 

-6.622 

4471.676 

+0.213 

14.3 

3 

Ti   .50.6725 

Standard 

±0.000 

4481.4.38 

S     50.6848 

4481.. 560 

±6.666 

4481.400 

+0.160 

10.7 

4 

Ti   .57.. 5090 

45.52.602 

+0.030 

4.5.52.632 

S     .57.. 5480 

4.5.53,028 

+0.030 
+0.017 

4.5.52.7.50 

+0.308 
+0.195 

20.3 

3 

S     .58.9235 

4.568.228 

4567.950 

12.8 

2 

Ti   fX).a570 

Standard 

±0.000 

4.590.126 

Mean +13.9 
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1902,  JiUy  22.  G.  M.  T.  19''  10"' 
Hour  anele  E  3"  10'° 


iCASSIOPEIAE  —  k  355 
Star  good;  comparison  imperfect. 


Measured  by  A. 
Power  17 


Mean 

of  Settings 

Wave-Length  by 
FormiJa 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti 

24.1893 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
43,38.084 

t.  m. 

km. 

S 

24.4017 

4,340.360 

-0.001 

4.340.634 

-0.275 

-19.5 

3 

S 

28.6706 

4387.926 

-0.023 

4388.100 

-0.197 

13.5 

2 

Ti 

29.7021 

4,399. 9&3 

-0.028 

4.399.9.35 

Ti 

31.9750 

4427.286 

-0.020 

4427.266 

Ti 

a3.3]!86 

Standard 

±0.000 

4443.976 

Ti 

35.2474 

4468.672 

-0.009 

4468.663 

S 

35.4.537 

4471.. 366 

-0.003 

4471.676 

-0..316 

21.2 

1 

S 

36.1905 

4481.075 

+0.019 

4481.400 

-0.306 

20.5 

2 

Ti 

36.2164 

4481.419 

+0.019 

4481.4.38 

S 

41. 31.34 

4.552.521 

+0.012 

4,552.750 

-0.217 

14.3 

2 

Ti 

41. 3201 

4,5.52.620 

+6.012 

4552.6.32 

Ti 

42.OS.57 

4,563.929 

+0.010 

4563.939 

S 

42.. 3.3.38 

4567.631 

+0.005 

4567.9,50 

-0.314 

20.6 

2 

Ti 

42.6.3.53 

Standard 

±0.000 

4572.156 

S 

42.7960 

4574.579 

±0.000 

4574.900 

-0..311 

20.4 

1 

Curvature  Cor.  +0.0005  mm. 


Weighted  mean 

Va 

Va 

-18.1 

+20.77 
+  0.15 

Reduction  to  Sun 
Eadial  Velocity 

+20.92 

+  2.8  km 

iCASSIOPEIAE~k  3.55 


Curvatm-e  Cor.  +  0.0010  mm. 


Weighted  mean  —16.9 

Va  +20.77 

V,i  +  0.15 
Reduction  to  Sim  +20.19 

Radial  Velocity  +4.0  km. 

Sdmmaet   of  Measures  of   iCASSIOPEIAE 


Mean  ^18.5 


Measured  by  F. 
Power  12 


Ti   28.9627 

Standard 

±0.000 

4338.084 

S     29.1747 

4340.. 3.55 

0.000 

4340.634 

-0.279 

-19.3 

2 

Ti   33.. 36,55 

4387.004 

+0.003 

4387.007 

S     .33.4441 

4:387.912 

-0.005 

4,388.100 

-0.193 

13.2 

2 

Ti   .34.0764 

4395.263 

-0.0G2 

4,395.201 

Ti   .36.7481 

4427.2.58 

+0.008 

4427.266 

S     ,37 .  5660 

4437.367 

+6.007 

44,37.718 

-0..344 

23.2 

2 

Ti   ,38.09,36 

4443.970 

+6.666 

4443.976 

Ti   40.0224 

Standard 

±0.000 

4468.663 

S     40.2.310 

4471.. 387 

+0.018 

4471.676 

-0.271 

18.2 

2 

S     40.96,30 

4481.032 

+0.083 

4481.400 

-0.285 

19.1 

1 

Ti   40.9873 

4481.. 355 

+0.083 

4481.4,38 

S     46.0922 

4.552.. 570 

+0.024 

4,552.750 

-0.156 

10.3 

1'^ 

Ti   46.0968 

4.5,52.6,38 

+0.024 

4552.662 

Ti   46.8620 

4,563.943 

-0.004 

4563.9,39 

S     47.1174 

4,567.7,55 

-0.002 

4-567.950 

-0.197 

12.9 

1 

Ti   47.4106 

Standard 

±0.000 

4572.156 

S     47., 5781 

4574.682 

+6.662 

4.574.900 

-0.216 

14.2 

'2 

Mean  — 16.3 


Plate 

Date 

Adams 

No.  of 

lines 

Frost 

No.  of 
lines 

A  281 
B211 
B248 
A, 355 

1901,  Oct.  31 
Nov.     7 
Nov.  27 

1902,  July  22 

+.3.5 
+4.0 

+2.8 

7 
9 

7 

+0.8 

+  2:4 
+4.0 

11 

8 

7 

Mean  +3.3 

Mean  of  4  plates  +2 . 7  km. 
Mean  of  all  measures  +2.9  km. 
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Radial  Velocities  of  Twenty  Stars 


3.     e  CASSIOPEIAE 

(E.A.=  1M7"';  Dec.=  +  63°  11  • ;  M<ag.3.6;   Class  IV  a6) 

Four  plates  of  this  star  have  been  measured,  all  of  which  are  common  to  the  two  observers.    The 
spectrum  contains  but  few  lines,  and  these  are  very  broad  anil  difficult  of  measurement. 


1901,  Octobers,  G.  M.  T.  IT"  15" 
Hour  angle  E  1"  SB" 


€  CASSIOPEIAE  — A  261 
Star  fair;  comparison  good. 


Measured  l)y  A. 
Power  21 


Wave-Leneth  by 
Formula 

Mean  of  Settings 

Comp.    Lines 

Star  Lines 

Length 

Displacement 

Velocity 

Weight 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km 

Ti  ig.iou 

Standard 

±0.000 

4.^38.084 

S     19.3091 

4340.273 

-0.001 

4:i40.&34 

-0..362 

-25.0 

1 

S     2.3.6055 

4.387.820 

-0.014 

4388.  IW 

-0.294 

20.1 

1 

Ti   24.24.59 

4.395.218 

-0.017 

4.395.201 

Ti   26.9383 

Standard 

±0.000 

4427. 26G 

S     27.763S 

4437.410 

+0.666 

4437.718 

-0.299 

20.2 

1 

Ti   28.2905 

4443.962 

+0.014 

4443.976 

Ti   .30.2297 

4468.045 

+0.018 

4468.  ai3 

S     .30.4.385 

4471.. 357 

+6.616 

4471. G7G 

-0..303 

20.3 

1 

S     31.1840 

4481.125 

+0.011 

4481.4a) 

-0.2G4 

17.7 

1 

Ti   32.7017 

Standard 

±0.000 

4501.445 

Curvature  Cor.  +0.0(X)lmm. 


Weighted  mean  -  20 . 7 

Va  +13.49 
Vd  +  0.06 
Reduction  to  Sun 
Radial  Velocity 


"+13.55 
-  7.1km. 


Mean -20.7 


e  CASSIOPEIAE -A  261 


Curvature  Cor.  +  0.0003  mm. 


Weighted  mean 

Va 
V,l 

Reduction  to  Sun 
Radial  Velocity 


-16.2 


+13.49 
+  0.0(5 


+13.55 
—  2.6km. 


Measm'ed  by  F. 
Power  12 


Ti  .30.7668 

Standard 

±0.000 

4.338.084 

S     .30.9890 

4.340.4.52 

-o.6(fi 

4;}40.(m 

-0.184 

-12.7 

2 

S     .35.2729 

4.387.897 

-0.070 

4.'588.1(K) 

-0.273 

18.7 

1 

Ti  .35.9119 

4.395.281 

-0.080 

4.395.201 

Ti  36.. 3172 

4400.008 

-0.073 

4.399. 9.T) 

Ti  41.8970 

4468.711 

-0.048 

4468. 6G3 

S     42.1104 

4471.481 

-0.036 

4471.076 

-0.231 

15.5 

2 

Ti  42.8707 

Standard 

±0.000 

4481.4.38 

S     42.8461 

4481.114 

±0.000 

4481.400 

-0.286 

19.1 

2 

Ti  48.7767 

4.563.920 

+0.019 

45(i3.9.39 

Ti  49.. 3307 

Standard 

±0.000 

4572.156 

Mean  — 16.5 
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1901,  October  23.  G. 
Horn-  angle  W  3"  S™ 

M.  T.  20f'35'" 

e  CASSIOPEIAE—A  275 

Star  rather  weak;  comparison   good. 

Measmed  by  A. 
Power  21 

Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti    24.. 5055 
S     29.0245 
Ti  30.0703 
Ti  32.. 36.39 
S     33.2000 
Ti   .34.1426 

Ti  35. mn 

S     a5.8816 
S     36.6239 
Ti  36.6424 

t.  m. 

Standard 
4.387.844 

Standard 
4427.263 
44.37.. 514 
4449.261 
44G8.&33 
4471.484 
4481.194 

Standard 

t.  m. 
±0.000 

±6'.  666 
+0.003 

+6!  0.52 
+0.0.30 

±6'.6o6 

t.  m. 

±6'.6o6 

+6.025 

+0'.623 
±0.000 

t.  m. 

4338.084 
4388.100 
4399.9.35 
4427.266 
4437.718 
4449. 313 
4468.663 
4471.676 
4481.400 
4481.438 

t.  m. 
-0.256 

-0.179 

-0.169 
-0.206 

km. 
-17.5 

12.1 

11.3 
13.9 

2 
2 

4 
3 

Curvature  Cor.  +0.C 

)002  mm. 

Weighted  mean 

Va    +7.65 
Frf   -0.11 
Reduction  to  Sun 
Radical  Velocity 

13.3 

+  7. .54 
-  5.8  km. 

Mean  —13.7 

CASSIOPEIAE—A  275 


Measured  by  F. 
Power  12 


Ti  30.7013 

Standard 

±0.000 

4.3.38.084 

S     30.9194 

4.340.. 398 

±o.6(X) 

4.340.6.34 

-0.2.36 

-16.3 

1^ 

S     a5.2210 

4.387.871 

+0.008 

4.388.100 

-0.221 

15.1 

2 

Ti  a5.8565 

4.395.195 

+0.009 

4.395.201 

Ti  36.2644 

Standard 

±o.oaj 

4.399.9.35 

Ti  41.a583 

4468.647 

+0.016 

4468. 6&3 

S     42.0745 

4471.448 

+6.012 

4471.676 

-0.216 

14.5 

2 

S     42.8145 

4481.122 

±0.000 

4481.400 

-0.278 

18.6 

2 

Ti  42.8385 

Standard 

±0.000 

4481.438 

Curvatiu-e  Cor.  +0.0003  mm. 


Weighted  mean 

—16.0 

Va 

+  7.65 

Va 

-0.11 

leduction  to  Sun 

+  7.54 

adial  Velocity 

—  8.5  km 

Mean— 16.1 


1901,  October  25,  G.  M.  T.  14h  8" 
Hour  angle  E  3^  35" 


e  CASSIOPEIAE—A  278 
Star  good;  comparison  good. 


Curvature  Cor.  +0.0002  mm 


Weighted  mean  — 14.8 

Va  +7.09 
Va  +0.12 
Reduction  to  Sun  +7.21 

Radial  Velocity  —7.6  km. 
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Measured  by  A. 
Power  25 


S     23.7063 

4387.867 

-0.017 

4.388.100 

-0.250 

-17.1 

1 

Ti  24.3426 

4.395.218 

-0.017 

4.395.201 

Ti  24.7471 

Standard 

±o.oa) 

4.399.9:35 

Ti  26.2616 

4417.899 

-0.015 

4417.884 

S     27.8617 

4437.417 

-0.603 

4437.718 

-0.304 

20.5 

1 

Ti  28.3891 

Standard 

±0.000 

4443.976 

Ti  30. 3307 

4468.678 

-0.015 

4468.663 

S     30.. 5491 

4471.513 

-6.6i2 

4471.676 

-0.175 

11.7 

3 

S     31.2868 

4481.174 

±0.000 

4481.400 

-0.226 

15.1 

4 

Ti  31.3068 

Standard 

±0.000 

4481.4.38 

Mean— 16.1 
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Radial  Velocities  of  Twenty  Stars 


e  CASSIOPEIAE—A  278 


Measured  by  F. 
Power  12 


Mean  of  Settings 

Wave-Lenftth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement' 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  29. TOOT 

Standard 

±0.000 

4.^38.084 

S     29..5a50 

4;}40.574 

±0.000 

4.340.  &34 

-0.060 

-  4.1 

1 

Ti  .3.3.7:369 

4,387.004 

+0.003 

4:M7.007 

S     .33.8060 

4.387.797 

+0.003 

4.388.100 

-0.300 

20.5 

2 

Ti  34.85.35 

Standard 

±6.666 

4399.935 

Ti  40.4.379 

4468.675 

-0.012 

4468.663 

S     40.6615 

4471.579 

-0.009 

4471.676 

-0.106 

7.1 

2 

S     41.3959 

4481.204 

±0.000 

4481.400 

-0.196 

13.1 

2 

Ti  41.41.36 

Standard 

±0.000 

4481.4:58 

Curvature  Ck)r.  +0.0003  mm. 


-12.2 


Weighted  Mean 

Va   +7.09 
Vd    +0.12 
Keduction  to  Sim 
Radial  Velocity  —  5.0  km. 


+  7.21 


Mean— 11.2 


1902,  Augu.st  27,  G.  M.  T.  18"  49" 
Hour  angle  E  2"  21" 


«  CASSIOPEIAE—B  399 
Star  good;  comparison  good. 


Measured  by  A. 
Power  15 


Ti  20.8602 

Standard 

±0.000 

4.3.38.084 

S     21.1412 

4.340.. 314 

+0.002 

4.340.  &34 

-0.318 

-22.0 

1 

S     26.8703 

4.387.6.57 

+0.044 

4.388.100 

-0.399 

27.3 

1 

Ti  27.74.% 

4.395.1.50 

+0.051 

4.395.201 

Ti  28.2955 

Standard 

±0.(J(JO 

4.399.9.35 

Ti  .33.7409 

4449.296 

+0.017 

4449.. 313 

Ti  .35.7701 

4468.661 

+0.002 

4408.6(53 

S     3*;.  0427 

4471. 304 

+0.002 

4471.676 

-0.370 

24.8 

2 

S     .37.0402 

4481.066 

±0.000 

4481.400 

-0..334 

22.4 

2 

Ti  37.0779 

Standard 

±0.000 

4481.4.38 

Cuvature   Cor.  +0.0008  mm. 


Weighted  mean 

Va 
Vd 

Reduction  to  Sun 
Rtidial  Velocity 


+19.rj0 
+  0.09 


-23.9 


+19.59 
—  4.3km. 


Mean  —24.1 


e  CASSIOFEIAE-^B  399 


Curvature  Cor.  +  0.0012  mm. 


Weighted  mean  — 25.6 

Va   +19.50 
Vd  +  0.09 
Reduction  to  Sun 
liiidial  Velocity 


"+19.59 
—  6.0  km. 


Measured  by  P. 
Power  12 


Ti  .32.8-106 

Standard 

±0.000 

4468.663 

S     .33.11(H 

4471.282 

±0.000 

4471.676 

-0.394 

-20.4 

2 

8     .34 .  1070 

4481.  a30 

±0.000 

4481.400 

-0.370 

24.8 

2 

Ti  .34.1485 

Standard 

±0.000 

4481.4.38 

Ti  .34.8623 

Standard 

±o.ajo 

4488.493 

Mean  — 25 . 6 
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Summary  of  Measures  of  e  CASSIOPEIAE 


Plate 

Date 

Adams 

No.  of 
Lines 

Frost 

No.  of 
Lines 

A  261 
A  275 
A  278 
B.399 

1901,  Oct.     3 
Oct.  23 
Oct.  25 

1902,  Aug.  27 

-7.1 

-5.8 
-7.6 
-i.3 

5 

4 
4 

4 

-2.6 
-8.5 
-5.0 
-6.0 

4 
4 
4 
2 

Mean  -6.2 

Mean  of  i  plates  —5.9  km. 
Mean  of  all  measures  —  5.9  km. 


-5.5 


4.    KPERSEI 
(R.  A.  =  S"-  48"-;   Dec.  =  +3r35' ;  Mag.  3.1;  Class  Ilia) 
Five  plates  of  this  star  have  been  measured,  five  by  A.,  and  two  by  F.    The  lines  in  this  spectrum, 
though  numerous,  are  extremely  broad  and  ill  defined,  making  accurate  measurement  difficult. 


1901,  September  12,  G.  M.  T  ISH-" 
Horn-  anffle  E  4"  6" 


iPERSEI—k22& 
Star  rather  weak ;  comparison  fair. 


Measiu-ed  by  A. 
Power  21 


Mean  of  Settings 

Wave-Leneth  by 
Formula 

Correction  to 
Comp,  Lines 

Correction  to 
star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

S     24.8256 

t.  m. 
4.387.976 

t.  m. 

t.  m. 
+0.033 

t.  m. 
4.388.100 

t.  m. 
-0.091 

km. 
-6.2 

1 

He  24,a336 

4.388.067 

-l-o.oa3 

4.388.100 

Ti  '2^  Ami 

Standard 

±0.000 

4.395.201 

S     32.4118 

4481. 3,36 

-0.001 

4481.400 

-0.065 

4.4 

1 

Ti  .32.4196 

4481.439 

-0.001 

4481.4.38 

Ti  .37.3098 

Standard 

±0.000 

4548.9.38 

Ti  38. 3352 

4.5a3.915 

+0.024 

4563.9.39 

S     .38.6014 

4567.852 

+o.6i8 

4567.950 

-0.080 

5.2 

3 

Ti  38.8901 

4572.146 

+0.010 

4572.156 

S     39.0692 

4574.822 

+0.010 

4574.900 

-0.068 

4.5 

1 

Ti  41.a387 

4617.445 

+0.007 

4617.452 

S     43.9076 

4650.888 

+0.002 

4650.925 

-0.0.35 

2.3 

1 

S     44.5498 

4661.564 

+0.001 

4661.728 

-0.1&3 

10.5 

1 

Ti  44.9191 

Standard 

±0.000 

4667.768 

S     il.M15 

4713.357 

-0.113 

4713.. 308 

-0.064 

4.1 

2 

He  47.5511 

4713.421 

-0.113 

4713.  :308 

Curvature  Cor.  +0.0001  mm. 


Weighted  mean  —  5.2 

Va  +27.45 

Va  +  0.26 
Reduction  to  Sim  +27.72 

Radial  Velocity  +22.5  km. 


Mean  -6.3 


1901,  September  18,  G.  M.  T.  18"  26" 
Hem- angle  E  3"  28" 


iPERSEI—k2^b 
Star  good;  comparison  good. 


Measured  by  A 
Power  21 


S     31.2.357 

4.388.0.36 

±0.000 

4.388.100 

-0.064 

-4.4 

1 

Ti  31.8.5.57 

Standard 

±0.000 

4395.201 

S     .33.5.371 

4415.0.34 

-6.023 

4415.076 

-0.065 

-4.4 

3 

S     33.7142 

4417.157 

-0.025 

4417.121 

+0.011 

+0.8 

2 

Ti  33.7768 

4417.910 

-0.026 

4417.884 

Ti  37.8433 

Standard 

±0.000 

4468.66;^ 

S     38.0673 

4471.571 

±0.000 

4471.676 

-0.105 

-7.0 

2 

Ti  45.2786 

Standard 

±0.000 

4572.156 

S     45.4611 

4.574.890 

±0.000 

4574.900 

-0.010 

-0.6 

1 

Curvature  Cor.  +0.0002  mm. 


3.4 


Weighted  mean 

Va  +26.38 
Va  +  0.28 
Reduction  to  Sun 
Radial  Velocity  +23.2  km. 
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Radial  Velocities  of  Twenty  Stars 


1901.  November  8._G.  M.  T.  l&'33'' 
Hour  ansle  E  1''  55° 


i:PERSEI—B2l8 
Star  fair;  comparison  fair. 


Measiu'eti  by  A. 
Power  21 


Mean  of  Settings 

Wave-Lenpth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  20, 3486 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4,3,38.084 

t.  m. 

km. 

S     20.7005 

4,340.868 

+0.002 

4340.  g;« 

--0.2.36 
- -0.192 

+16.3 

1 

S     21.8100 

4.349.726 

+0.007 

4,349. 541 

13.2 

2 

S     23.9597 

4:367.2,54 

+0.018 

4,367.012 

- -0.260 

17.8 

1 

Ti  24.0282 

4.367.821 

+0.6i8 

4367.  a'» 

Ti  26. 3119 

4.387.004 

-H).003 

4,387.0)7 

S     26.4615 

4.388.281 

+6.66.3 

4,388.100 

+0.184 

12.  (! 

1 

S     29.7918 

4417.. 376 

±0.000 

4417.121 

-fO.2,55 

17.3 

1 

Ti  29.8487 

Standard 

±6.666 

4417.884 

Ti  35.. 3196 

4468.676 

-0.013 

4468.66.3 

S     .35.6552 

4471.917 

-6.6i3 

4471.676 

+0.228 

15.3 

3 

Ti  .36.6225 

4481.450 

-0.012 

4481.438 

Ti  43.. 5244 

4552.612 

+0.020 

4552.  &32 

S     43.5584 

4552.981 

+6.626 

4552.750 

-1-0.251 

16.5 

2 

Ti  44.5597 

Standard 

±0.000 

456;i.9.39 

S     44.9421 

4568.167 

±6.666 

4567.950 

+0.217 

14.2 

1 

Curvature  Cor.  -|-0.0007  mm. 


Weighted  mean 

Va 

Va 
Reduction  to  Sun 
Radial  Velocity 


+  15.3 


+  7.71 
+23.0  km. 


Mean  +15.4 


fPERSEI—B-ZlH 


Curvature  Cor.  +0.0013  mm. 


Weighted  Mean 
V„ 
V.i 
Reduction  to  Sun 
Radial  Velocity 


+14.2 


+  7.71 
+21.9  km. 


Measured  by  F. 
Power  12 


Ti  29.5641 

4338.015 

-1-0.069 

4.338.084 

S     29.8943 

4.340.634 

-1-0.075 

4.310  (i:i4 

-t-0.075 

+  5.2 

1 

Ti  .30. 36.31 

4344, 370 

+6.68i 

4.34-1. 451 

S     .^3.1907 

4367., 3a3 

+0.661 

4.367.012 

-1-0.. 372 

+25.5 

1 

Ti  .33.24,55 

Standard 

±6.666 

4307.839 

Ti  .35, 5,309 

4,387.068 

-0.061 

4.387.007 

S     .35.6642 

4,388.208 

-o.oeo 

4.388.  UK) 

-H).048 

+  3.3 

li 

Ti  ?ri.(yii>ii 

4,399.982 

-0.047 

43!«).!l.t.') 

S     .38.7463 

4415.114 

-0.055 

4415.076 

-0.017 

-  1.2 

a 

Ti  .39.0629 

4417  940 

-0.056 

4417.H84 

Ti  44.2,508 

44<;fi  012 

-0.0.37 

446'), '.175 

Ti  44.81.31 

4471.129 

-0.021 

4471.I()H 

.S'     44.8643 

4471  !)25 

-6.626 

4471.676 

-1-0.229 

+15.4 

2 

Ti  45.8403 

Stancliinl 

±o.ax) 

4481.4.38 

Ti  52.74.35 

4.552.  r^ss 

-I-0.O44 

4.552.  a"52 

S     .52.7644 

4.552.814 

-H).043 

4.552.750 

+0.107 

+  7.0 

2 

Ti  .53,02.35 

4.555.626 

--0.(J.3<! 
- -0.042 

4.555.662 

Ti  .53.7800 

4563.897 

4.563. 9:«) 

S     ,51.1745 

4568.247 

+0.026 

4.567.9.50 

-1-0.. 32:1 

+21.2 

2 

Ti  .54, 52.59 

4572.143 

-1-0.013 

4.572.1.56 

S     ,54.8032 

4575.2,31 

+0.011 

4574.900 

+0..343 

+22.5 

1 

Ti  .56.1242 

Standard 

±0.000 

4590.126 

Mean  +12.4 
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1901,  November  14.  G.  M.  T.  20 -^  9' 
Holl^aIlffle^Y2>'12"' 


^PERSEI— B  232 
Star  good  ;  comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave- Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 

Star  Lines 

Normal  Wave 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  20.4179 

4387.005 

+0.002 

4387.007 

S     20.5786 

4388.. 380 

+0.002 

4388.100 

+0.282 

+19.3 

1 

Ti  21.9154 

Standard 

±0.00) 

4.399.935 

Ti  2.3.1992 

4411.225 

+0.015 

4411.240 

S     23.6a35 

4415.. 355 

- -0.014 

4415.076 

+0.293 

19.9 

S     2.3.8884 

4417.. 365 

- -0.014 

4417.121 

+0.258 

17.5 

Ti  29.4079 

Standard 

±6.000 

4468.663 

S     29.7458 

4471.931 

±0.000 

4471.676 

+0.255 

17.1 

Ti  37.6141 

4552.6,33 

-0.001 

4552.6.32 

S    37.6446 

4552.964 

-0.001 

4552.750 

+0.213 

14.0 

Ti  38.6481 

Standard 

±0.000 

45&3.939 

.S    39.0408 

4.568.278 

-0.022 

4567.950 

+  0.306 

20.1 

Ti  .39.. 3937 

4572.199 

-0.043 

4572.1.56 

S     39.6564 

4575.131 

-0.043 

4574.900 

+0.188 

12.3 

Curvature  Cbr.  +0.0008  mm. 


Weighted  mean 
Va 

Reduction  to  Suu 
Radial  Velocity 


+  4.50 
-  0.16 


+  17.2 


+  4.34 
+  21.5  km. 


Mean +17.2 


i  PERSE  I —  B  232 


Measured  by  F. 
Power  12 


Ti  29,6003 

Standard 

±0.000 

4338.084 

S    29.9.374 

4.340.753 

-0.002 

4.340.  a34 

+0.117 

-r  8.1 

1 

Ti  30.0357 

4341.5.33 

-0.003 

4351.530 

Ti  33.2745 

4367.813 

-j-0.026 

4.367.8.39 

Ti  a5.5o50 

4386.997 

+0.010 

4.387.007 

S    35.7042 

4.388.272 

+0.010 

4.388.100 

+0.182 

12.4 

2 

Ti  37.5680 

4404.420 

+0.013 

4404.433 

S    38.7827 

4415.164 

+0.003 

4415.076 

+0.091 

6.2 

IH 

Ti  39.0870 

Standard 

±0.000 

4417.884 

Ti  44.2955 

4465.952 

+0.023 

4465.975 

Ti  44.8288 

4471.. 393 

+0.015 

4471.408 

S    44.8784 

4471.874 

+0.014 

4471.676 

+0.222 

14.8 

2 

Ti  45.8569 

Standard 

±0.000 

4481.4.38 

Ti  52.7516 

Standard 

±0.000 

4552.6.32 

S    52.7963 

4553.117 

±0.000 

4.552.750 

+0.367 

24.2 

1 

Ti  53.7863 

4563. 9a3 

+0.006 

45&3.9.39 

S    54.1777 

4568.246 

-6.006 

4567.950 

+0.307 

20.2 

IJ2 

Ti  54. 5.307 

4.572.171 

-0.015 

4572.156 

S    54.78a3 

4575.019 

-6.6i3 

4574.900 

+0.100 

6.9 

1 

Ti  56.1281 

4590.151 

-0.025 

4590.126 

Ti  59.4987 

Standard 

±0.000 

4629.521 

S    59.6276 

4&31.067 

±0.000 

4630. 7a3 

+0.364 

23.6 

1 

S    60.5525 

4642.246 

±0.000 

4641.886 

-1-0.360 

23.3 

1 

Ti  60.8086 

4645.. 369 

-0.001 

4645., 368 

Ti  61.7253 

4656.651 

-0.007 

4656.644 

S    62.1632 

4662.096 

-0.018 

4661.728 

-1-0.350 

22.5 

1 

Ti  62.6184 

4667.796 

-0.028 

4667.768 

Ti  65.9195 

Standard 

±0.000 

4710.471 

S    66.1666 

4713.646 

+0.002 

4713.308 

+0.340 

21.6 

1 

Curvature  Cor.+  0.0013  mm. 


Weighted  mean                    +16.0 
Va   +   4.50 
V,i  -    0.16 

Mean +16.6 

Reduction  to  Sim                    +4.34 

Radial  Velocity                        +  20 . 3  km. 
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Kadial  Velocities  of  Twenty  Stabs 


1902,  October  15,  G.  M.  T.  1(5 " 
HoiirangleE3*'25°' 


43" 


;:PERSEI—B424: 
Star  good ;  comparison  good. 


Measurtxi  by  A. 
Power  17 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 
Ti  22.2046 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4.338.084 

t.  m. 

km. 

S    22.5242 

4340.628 

-6.662 

4340.634 

-0.008 

-  0.6 

1 

S    23.1684 

4345.787 

-0.006 

4345.677 

+0.104 

+  7.2 

2 

S    25.7668 

4367.053 

-0.023 

4367.012 

-0.002 

-  0.1 

1 

Ti  29.0872 

4395.246 

-0.045 

4395.201 

Ti  29.&321 

4.399.994 

-0.059 

4399.935 

S    31.3521 

4415.211 

-o.a>7 

4415.076 

+0.078 

+  5.3 

2 

S    31.5819 

4417.271 

-0.057 

4417.121 

+0.093 

+  6.3 

1 

Ti  31.6566 

4417.941 

-0.057 

4417.884 

Ti  37.0948 

Standard 

±0.000 

4468.663 

S    37.4102 

4471.723 

-6.66i 

4471.676 

+0.046 

+  3.1 

1 

Ti  38.4027 

4481.441 

-0.003 

4481.438 

S    38.4103 

4481.516 

-6.663 

4481.400 

+0.113 

+  7.6 

1 

Ti  45.2667 

4552.561 

+0.071 

4552.  &32 

S    45.2827 

4552.7.35 

+6.071 

4552.750 

+0.056 

+  3.7 

3 

Ti  46.2989 

4563.886 

+0,053 

45a3.939 

S    46.6572 

4567.858 

+0.656 

4567.950 

-0.036 

-  2.4 

2 

Ti  47.0.375 

4572.097 

+0.(69 

4572.156 

S    47.2942 

4574.972 

+0.055 

4574.900 

+0.127 

+  8.3 

1 

Ti  50.9749 

Standard 

±0.000 

4617.452 

Curvattire  Cor .+  0.0009  mm. 


Weighted  mean 

Va 

Reduction  to  Sun 
Radial  Velocity 


+18.40 
+  0.23 


+  3.8 


"+18.63 
+  22.4  km. 


Mean  +  3.8 


Summary  of  Measures  of  iPERSEI. 


Plate 

Date 

Adams 

No.  of 
Lines 

Frost 

No.  of 
Lines 

A  226 
A  235 
B218 
B232 
B424 

1901,  Sept.  12 
Sept.  18 
Nov.     8 
Nov.  14 

1902,  Oct.    15 

+22.5 
+23.2 
+23.0 
+21.5 
+22.4 

7 
5 
8 
7 
10 

+2i!9 
+20.3 

8 
11 

Mean  +22.5  +21.1 

Mean  of  5  plates  +22.3  km. 
Mean  of  all  measures  +22.1  km. 


(R.  A. 


6.  /3  ORIONIS. 
'  10"";  Dec.=  -8"  19' ;  Mag.  0.3;  Class  Vic) 


Especial  attention  has  been  given  to  the  investigation  of  this  well-known  star  because  of  the 
Potsdam  ohwer^-ations  of  1890,  which  seemed  to  indicate  a  variation  in  its  radial  velocity.  A  total  of 
nineteen  plates  extending  over  an  interval  of  six  months  have  been  meaHured,  five  by  F.,  and  nineteen 
by  A.  The  results  do  not  indicate  any  variation  of  velocity.  The  spectrum  of  this  star  is  character- 
ized by  the  strength  of  its  Orion  lines  and  the  existence  of  several  faint  metallic  lines.  The  breadth 
of  these  lines  is  the  chief  diflBculty  in  the  way  of  accurate  measurement. 
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1901,  September  4,  G.  M.  T.  21"  iS'^ 
Hour  auffle  E  2"  29"" 


/3  ORIONIS—A  207 
Star  strong;  comparison  good. 


Measured  by  A*,  with  Zeiss  Comparator 
Power  18 


Mean  of  Settings 

Wave-LenRth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  62.4073 

t.  m. 

Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4.338.084 

t.  m. 

km. 

S    62.1758 

4.340.. 544 

±0.000 

4.340.  &34 

-0.090 

-6.2 

1 

S    57.8843 

4387.998 

-0.005 

4388.100 

-0.107 

7.3 

1 

Ti  57.2599 

4.395.207 

-0.006 

4.395.201 

Ti  56.8542 

Standard 

±0.000 

4399.9.35 

Ti  52.1340 

44.57.600 

±0.000 

4457.600 

Ti  51.2739 

4468.665 

-0.002 

4468.663 

S    51.0433 

44(1.662 

-0.002 

4471.676 

-0.016 

1.1 

1 

S    50.3072 

4481.. 319 

±0.000 

4481.400 

-0.081 

5.4 

1 

Ti  50.2982 

Standard 

±0.000 

4481.4.38 

Curvature  Cor.  —0.0002  mm. 


1901,  October  3,  G.  M.  T.  19"  26" 
Hour  angle  E  2"  49-" 


Weighted  mean 

Va  +25.24 
Vd  +  0.20 

Reduction  to  Sun 

Radial  Velocity 


5.0 


Mean  —5.0 


+25.44 
+20.4  km. 


|3  ORIONIS—A  262 
Star  good;  comparison  good. 


Measured  by  A. 
Power  21 


Ti  19.2059 

Standard 

±0.000 

4.338.084 

S    23.7369 

4388.179 

-0.046 

4.388.100 

+0.0.33 

+2.2 

1 

Ti  24.7553 

4.399.992 

-0.057 

4.399.935 

S    27.8874 

44.37.700 

-0.005 

44.37.718 

-0.023 

-1.6 

1 

Ti  28.3915 

4443.972 

+6.664 

4443.976 

Ti  28.8172 

Standard 

±0.000 

4449.. 313 

Ti  30.a324 

4468.668 

-0.005 

4468. 6a3 

S    30.5638 

4471.672 

-0.001 

4471.676 

-0.005 

-0.3 

1 

S    31.. 3043 

4481.. 374 

+0.014 

4481.400 

-0.012 

-0.8 

1 

Ti  31.3081 

4481.424 

+0.014 

4481.4,38 

Ti  37.2144 

Standard 

±0.000 

4563.939 

S    37.4833 

4567.928 

±0.000 

4567.950 

-0.022 

-1.4 

1 

Curvatm-e  Cor.  +0.0001  mm. 


1901,  October  18,  G.  M.  T.  20"  7" 
Hour  angle  E  1"  12"> 


Weighted  mean 

Va  +22.92 

Vd  +0.23 

Reduction  to  Sun 

Radial  Velocity 


-  0.4 


Mean  -0.4 


+23.15 

+22.8  km. 


(3  ORIONIS—B  207 
Star  good;  comparison  good. 


Measured  by  A. 
Power  24 


Ti  22.9731 

Standard 

±0.000 

4338.084 

S    23.. 3055 

4340.709 

-0.001 

4,340.  &34 

+0.074 

+5.1 

2 

S    29.0872 

4.388.203 

-0.019 

4.388.100 

+0.084 

5.7 

1 

Ti  29.9062 

4,395.223 

-0.022 

4.395.201 

S    34.69.36 

4437.824 

-0.003 

44.37.718 

+0.103 

7.0 

1 

Ti  35.3601 

Standard 

±0.000 

4443.976 

Ti  ,37.9741 

4468.6,54 

+0.009 

4468. 6&3 

S    38.2864 

4471. 6a3 

--0.017 

4471.676 

+0.004 

0.3 

3 

S    39.2846 

4481.. 367 

--0.045 

4481. 4(X) 

+0.012 

0.8 

4 

Ti  39.2873 

4481.393 

+0.045 

4481.4.38 

Ti  45.8676 

Standard 

±0.000 

4.548.9,38 

Ti  46.2087 

4.5.52.618 

+0.014 

4552.632 

S    46.2208 

4552.749 

+0.014 

4552.750 

+0.013 

0.9 

1 

Curvatm-e  Cor,  +0.0002  mm. 


Weighted  mean  +2.3 

Va  +19.38 
V,i  +  0.10 
Reduction  to  Sim  +19.48 

Radial  Velocity  +21.8  km. 
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Mean  +3.3 


54 


Radial  Velocities  of  Twenty  Stars 


/3  OKIOXIS—B  207 


Measiu-ed  by  F. 
Power  17 


Mean  of  Settiogs 

Wave-Lenfrth  by 
Formola 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  ro. 

t.  m. 

km. 

Ti  19.675 

Standard 

±0.000 

4338.084 

S     19.994 

4310.604 

-0.003 

4340.634 

-o.ai3 

-2.3 

1 

Ti  25.656 

4.387.079 

-0.072 

4387.007 

S    25.777 

4.388. 1(B 

-0.070 

4388.100 

-0.065 

-4.4 

1 

Ti  30.239 

4427.276 

-0.010 

4427.266 

Ti  34.680 

Standard 

±0.000 

4468. 6a3 

S    31.996 

4471.705 

--0.008 

4471.676 

+0.0.37 

+2.5 

2 

S    .35.9S4 

4481.303 

--0.035 

4481.  HX) 

-0.062 

-4.2 

3 

Ti  .35.994 

4481. 4a3 

-l-o.ass 

4481.4:58 

Ti  43.959 

4563.906 

+0.033 

456.3. 9:59 

S    44. .327 

4567.954 

+6.629 

4567.950 

+0.ai3 

+2.2 

2 

Ti  46.. -MS 

Standard 

±6.666 

4590.126 

Weighted  meau 
Curvature  Cor. 

r„ 

Va 
Reduction  to  Sun 
Radial  Velocity 


-1.1 

-0.17 


+19.38 
+  0.10 


'+19.48 
+18.2  km. 


Meau  — 1 . 2 


1901.  October  .31.  G.  M.  T.  19^  58" 
Hour  an^'le  E  0^  29" 


P  ORIONIS—A.  284 
Star  good;  comparison  good. 


Measured  by  A. 
Power  21 


S    23.5148 

4.340.641 

±0.000 

4340.  &34 

+0.007 

+0.5 

2 

Ti  23..59&3 

Standard 

±6.666 

4.341.5.30 

Ti  27.7147 

4;«7.009 

-0.002 

4.387.007 

S    27.8156 

4.388.166 

-0.002 

4.388.100 

+0.064 

4.7 

3 

Ti  29.21.55 

Standard 

±0.000 

4404.4.33 

Ti  .34.2076 

44&5.956 

+0.019 

4465.975 

S    .34.6.5&3 

4471.772 

+0.012 

4476.676 

+0.108 

7.2 

3 

S    .35.3907 

4481.400 

±0.000 

4481.400 

±0.000 

0.0 

3 

Ti  35..3ft36 

Standard 

±0.000 

4481. 4:J8 

Curvature  Cor.  +0.0005  mm. 


Weighted  mean  +3.2 

Va  +15.23 
V,t  +  0.04 

Ri'(liu'tii)ii  to  .Sun 
Radial  Vcl(x.-ity 


+15.27 

+18.5  km. 


Mean  +3.0 


1901,  November  7,  G.  M.  T.,  18"  6" 
Hour  angle  E  1"  50" 


P0RI0NIS~B2\S 
Star  good  ;  comparison  fair. 


Measured  )jy  A. 
Power  21 


S  33.. 3753 

Ti  .^.7200 

Ti  42.2191 

S  42.5474 

Ti  43.5294 

S  43.5355 

Ti  53.8091 


4.388.. 314 
Standard 

4468.689 

4471.862 
Standard 

4481.498 
Standard 


±0.000 
-0.026 


±0.000 
±6.606 


±0.000 

-6!626 
'±6!666 


4,388.100 
4;«9.9.35 
4468.663 
4471.676 
4481.4.38 
4481.400 
4.590.126 


r0.214 

+0.1C6 
+0.098 


+14.6 

11.1 
6.6 


Curvature  Cor.  +0.0008  mm. 


Weighted  mean  +9.7 

Va   +12.07 
V,i  +  0.16 
Reduction  to  Sun  +12.83 

Radial  Velocity  +22. 6 km. 
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1901,  November  8,  G.  M.  T.  2(f  G^ 
Hour  angle  W  0"  10°> 


PORIONIS— B  220 
Star  good;  comparison  slightly  weak. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-Leneth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti   20.1587 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m 
4a38.084 

t.  m. 

km. 

S     20.4953 

4,340.749 

-0.001 

4340.634 

+0.114 

+7.9 

2 

S     21.9256 

4352.202 

-0.005 

4,352.083 

+0.114 

7.9 

2 

S     26.27,38 

4.388.  a32 

-0.018 

4388.100 

+0.214 

14.6 

1 

Ti   27.0757 

4,395.221 

-0.020 

4,395.201 

Ti   32.5195 

Standard 

±0.000 

4443.976 

Ti   35.1300 

4468.661 

+0.002 

4468.663 

S     35.4.584 

4471.  a30 

+0.004 

4471.676 

+0.1.58 

10.6 

2 

Ti   36.4438 

4481.427 

+6.6ii 

4481.4.38 

S     36.4585 

4481.587 

+o.6ii 

4481.400 

+0.198 

13.2 

3 

Ti   45.1340 

Standard 

±0.000 

4572.156 

S     46.2063 

4584.173 

±0,000 

4584.018 

+0.155 

10.1 

1 

Curvature  Cor.  +0,0009  mm. 


Weighted  mean  +10.7 

Vu  +12.25 
Vd  -    0.01 

Reduction  to  Sun 

Kadial  Velocity 


+  12.24 
+  22. 9km. 


Mean +  10.7 


1901,  November  14,  G,  M.  T.  19''  19" 
Hoiu-  angle  E  0"  1.5'" 


/3  0i?70A'7,5  — B231 
Star  good ;  comparison  good. 


Curvatme  Cor,  +0,0008  mm. 


+  13.5 


Weighted  mean 

Va  +9.85 

Vd  +  0.02 

Reduction  to  Sim  

Radial  Velocity  +  23 . 4  km. 


+   9.87 


Measiu-ed  by  A. 
Power  21 


Ti   18.6998 

Standard 

±0,000 

4338.084 

S     19.0460 

4340.8,31 

-0.003 

4,340.  &34 

+0.194 

+13.4 

1 

Ti   24.6539 

4.387.055 

-0.048 

4,387.007 

S     24.7978 

4.388.286 

-6.047 

4,388.100 

+0.1,39 

9.5 

1 

Ti   33.6420 

4468.662 

+0.001 

4468. 6a3 

S     .33.9775 

4471.906 

+o.66i 

4471.676 

+0.2.31 

15.5 

1 

Ti   34.9543 

Standard 

±0.000 

4481.4.38 

S     34.9709 

4481.601 

±0.000 

4481.400 

+0.201 

13.4 

3 

S     44.7033 

4584.259 

±0.000 

4,584.018 

+0.241 

15.8 

1 

Ti   45.2195 

Standard 

±6.6o6 

4590.126 

Mean +13.5 


1901,  November  1.5,  G,  M,  T,  18"  52"' 
Hour  angle  EO"  35'" 


p  ORION  IS —B  231 
Star  good ;  comparison  good. 


CmTature  Cor.  +0.0008  mm. 


Weighted  mean  +12.2 

Va  +9.44 
r,(   +0.05 
Reduction  to  Sun  +9.49 

Radial  Velocity  +21 . 7  km. 

197 


Measured  by  A. 
Power  21 


Ti   20.7414 

Standard 

±0.000 

4.3:38.084 

S     21.0810 

4,340.777 

-0.U02 

4,340.  &34 

+0.141 

+9.7 

1 

Ti   26.6980 

4.387.049 

-0,042 

4387.007 

S     26.8506 

4,388., 3.54 

-0.041 

4388.100 

+0.213 

14.5 

2 

Ti   34.3108 

Standard 

±0.000 

4455.485 

Ti   35.6896 

4468.656 

+0.007 

4468. 6&3 

S     36.0229 

4471.878 

+0.012 

4471.676 

-1-0.214 

14.4 

3 

Ti   37.0002 

4481.412 

+0.026 

4481.4,38 

S     37.01.30 

4481.5.38 

-1-0.026 

4481.400 

+0.164 

11.0 

4 

S     46.7429 

4584.143 

+0.001 

4584.018 

+0.126 

8.2 

1 

Ti   47.2694 

Standard 

±0.000 

4.J90.126 

Mean +  11.6 


5<i 


Radial  Velocities  of  Twenty  Stars 


1901,  November  27,  G.  M.  T.  21''22" 
Hour  angle  W  2"  43" 


PORIOXIS     B  252 
Star  good;  comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-LenKth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti    18.1164 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4.1^S.084 

t.  m. 

km. 

S      18.4616 

4340.849 

-6.664 

4340.  KM 

+0.211 

+14.6 

1 

Ti   24.0166 

4387.076 

-6.069 

4;»7.007 

S     24.1593 

4,388.308 

-6.668 

4388. 1(X) 

+0.140 

9.6 

1 

Ti   32.9216 

Standard 

±6.666 

4468.663 

S     .33.2595 

4471.959 

+6.66.3 

4471.676 

+0.286 

19.2 

2 

Ti   .■W.2210 

4481.424 

+0.014 

4481.4.38 

S     34.2413 

4481.625 

+6.614 

4481.400 

+0.239 

16.0 

3 

Ti   44.4023 

Standard 

±6.666 

4590.126 

Curvature  Cor. +0.0009  mm. 


Weighted  mean 

Va 
V,, 

Reduction  to  Sun 
Radial  Velocity 


+  4.23 
-0.22 


+  15.8 


"+  4.01 
+  19.8  km. 


Mean +  14. 8 


1901,  December  18,  G.  M.  T.  IS"  12"" 
Hour  angle  W  0^  66-° 


p  ORIONIS  —  B251 
Star  good  ;  comparison  good. 


Curvature  Cor.  +0.0007  mm. 


Weighted  mean  +26.3 

Va    -5.14 
Vd    -0.08 

Reduction  to  Sun 

Radial  Velocity 


5.22 


+21.1  km. 


Measured  by  A. 
Power  21 


Ti  17.0931 

Standard 

±0.000 

4338.084 

S     17.4.562 

4.341.007 

-0.002 

4.340.634 

+0..371 

+25.6 

1 

Ti  22.9621 

4.387.0.39 

-0.032 

4.^H7.a)7 

S    23.1.360 

4.388.. 547 

-0.0.32 

4.'588.100 

+0.415 

28.4 

2 

Ti  .31.4164 

Standard 

±0.000 

4404.617 

S    .32.1790 

4472.  WJ8 

+0.6.32 

4471.676 

+0.424 

28.4 

3 

Ti  .33.1190 

4481.  :m3 

+0.075 

4481.4:58 

S    .33.1.516 

4481.687 

+0.675 

4481.400 

+0..362 

24.2 

2 

S    42.7.5a3 

4.584.. 341 

±0.000 

4584.018 

+0..323 

21.1 

1 

Ti  43.2620 

Standard 

±6.666 

4590  126 

Mean +  25.6 


1901,  December  19,  G.  M.  T.  17"  .34" 
Hour  angle  W  0^  23"- 


/3  ORION  IS  —  A  297 
Star  good  ;  comparison  good. 


Cunatiu-e  Cor.  +O.0O06  mm. 


Weighted  mean 

Va 

Reduction  to  Sun 
Radial  Velocity 


+26.4 
■i 
J 
"-   .^).61 

+19.8  km. 


198 


Meastired  by  A. 
Power  21 


7-121.0390 

Standard 

±0.000 

4338.084 

S    21. .3084 

4341.000 

-0.002 

4.340.  ft34 

+0.364 

+25.2 

1 

Ti  25.4010 

4387.040 

-o.(m 

4.3S7  (K)7 

S    25. 5270 

4388.511 

-6.029 

4."W.s,l(«) 

+0.382 

26.1 

2 

Ti  26.4958 

Standard 

±6.666 

4:!!«i  '.1:!.", 

rf  .31.9*49 

4468.652 

+0.011 

4ii;s  0::'. 

S    .32.24.53 

4472.091 

+0.(J08 

4171  i;7i; 

+0.423 

28.4 

2 

Ti  .32.9465 

Standard 

±6.666 

41,S1 .  l.W 

S    .32.9680 

4481.726 

±0.000 

4481.400 

+0..326 

21.8 

'2 

Mean  +25.4 
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1901,  December  31,  G.  M.  T.  lb"  12" 
Hour  angle  E  1"  12™ 


PORIONIS— B  261 
Star  good  ;  comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

WaVR-Length  by 
Formula, 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

S    23.8840 

t.  m. 

4341.118 

t.  m. 

t.  m. 
±0.000 

t.  m. 
4.340.634 

t.  m. 
+0.484 

Itm. 
+33.4 

2 

Ti  23.9354 

Standard 

±6.666 

4.341.5.30 

Ti  29.4018 

4387.014 

-0.007 

4.387.007 

S    29.5832 

4388.581 

-0.006 

4.388.100 

+0.475 

32.5 

1 

Ti  31.3940 

Standard 

±6.666 

4404.4.33 

Ti  ,37.8867 

4464.638 

-0.021 

4464.617 

S    38.6513 

4472.097 

-0.012 

4471.676 

+0.409 

27.4 

3 

Ti  39.5972 

Standard 

±0.000 

4481.4.38 

S    39.6438 

4481.901 

±0.000 

4481.400 

+0.501 

33.5 

4 

Curvatui-e  Cor.  +0.0008  mm. 


Weighted  mean 

Va 
Vd 

Reduction  to  Sun 
Radial  Velocity 


-10.69 
-  0.10 


+31.6 


-10..59 
+  21.0  km. 


Mean  +31.7 


p  ORIONIS  — B  261 


Measured  by  F. 
Power  12 


S    29.9627 

4341.268 

+0.001 

4.340.6.34 

+0.635 

+43.9 

1 

Ti  30.3581 

Standard 

±0.000 

4344.451 

Ti  35.4653 

4387.066 

-0.059 

4.387.007 

S    a5.6385 

4388.562 

-0.059 

4388.100 

+0.403 

27.5 

1 

Ti  39.9853 

Standard 

±0.000 

4427.266 

Ti  44.0880 

4465.969 

+0.006 



4465.975 

S    44.7186 

4472.117 

+0.003 

4471.676 

+0.444 

29.8 

3 

Ti  45.6641 

Standard 

±0.000 

4481.4,38 

S    45.7128 

4481.921 

±0.000 

4481.400 

+0.521 

34.9 

3 

Weighted  mean 
Cm'vature  Cor. 

Va 

Va 
Reduction  to  Sun 
Radial  Velocity 


+33.2 

-  0.82 


- 10.59 
+21.8  km. 


Mean  +34.0 


1902,  January  4,  G.  M.  T.  IT"  W 
Hour  angle  W  1"  35™ 


/3  ORIONIS— A  300 
Star  strong  ;  comparison  good. 


Measured  by  A. 
Power  21 


Ti  22.4561 

Standard 

±0.000 

4338.084 

S    22.7409 

4341.162 

-6.663 

4.340.634 

+0.525 

+36.3 

1 

Ti  26.8268 

4387.053 

-0.046 

4.387.007 

S    26.9671 

4388.688 

-6.643 

4.388.100 

+0.545 

37.2 

2 

Ti  28.8668 

Standard 

±0.666 

4411.240 

Ti  a3.4260 

4468.678 

-0.015 

4468. 6&3 

S    33.6985 

4472.269 

-0.011 

4471.676 

+0.582 

39.0 

2 

Ti  34.3880 

Standard 

±0.000 

4481.438 

S    34.4196 

4481.861 

±0.000 

4481.400 

+0.461 

30.8 

3 

Curvature  Cor.  +0.0005  mm. 


Weighted  mean  +35.2 

Va   -12.35 
Vd    -  0.14 

Reduction  to  Sun  - 12.49 

Radial  Velocity 

199 


+22.7  km. 


Mean  +35.8 
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Radial  Velocities  of  Twenty  Stabs 


1902,  Januarv  8,  G.  M.  T.  IS*-  15" 
Hour  angle  W  2"  24° 


/3  ORIONIS— A  306 
Star  good ;  comparison  good. 


Measm-ed  by  A. 
Power  20 


Mean  of  Settings 

Wave-Leneth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.m. 

t.  m. 

t.  m. 

t.  111. 

km. 

Ti  26.0198 

Standard 

±0.000 

4338.084 

S    26.3109 

4,341.220 

±0.000 

4:J40.6;}4 

+0.586 

+40.5 

1 

S    30..T367 

4.388.582 

±0.000 

4,388.100 

+0.482 

32.9 

1 

Ti  31.5012 

Standard 

±6.666 

4:»9.935 

Ti  37.0198 

4468.652 

+0.011 

4468.663 

S    37.29.33 

4472.248 

+6.668 

4471.676 

+0.580 

38.9 

2 

Ti  37.9859 

Standard 

±0.000 

4481.438 

S    38.0223 

4481.924 

±6.666 

4481.400 

+0.524 

,35.1 

1 

Curvatmre  Cor.  +0.0005  mm. 


Weighted  mean  +37.2 

Va    -13.92 
V,i    -  0.20 
Reduction  to  Sun  —14.12 

Radial  Velocity  "+23Tkm. 


Mean  +86.8 


^  ORIONIS—B  270 


1902,  January  9,  G.  M.  T.  14"  41" 

** 

Measured  by  A. 

Hour  angle  E  1"  14"' 

Star  good;  comparison  good. 

Power  21 

Ti   18.. 3004 

Standard 

±0.000 

4338.084 

S     24. .3850 

4,388.587 

±0  000 

4388.100 

+0.487 

+33.3 

1 

Ti   25.6876 

Standard 

±0.000 

4399.935 

Ti   .33.1168 

4468.654 

+0.009 

4468.663 

S     ,33.4863 

4472.261 

+6.667 

4471.676 

+0.,592 

39.7 

1 

Ti   34.4178 

Standard 

±6.6o6 

4481.4.38 

S     ,34.4691 

4481.947 

±0.000 

4481.400 

+0.547 

,36.5 

2 

Ti   44.6069 

Standard 

±0.000 

4590.126 

Ti   50.1609 

Standard 

±0.000 

4656.644 

Ti   54.3252 

Standard 

±0.000 

4710., 368 

S     54.5924 

4713.937 

±0.000 

4713.308 

+0.629 

40.0 

1 

Curvature  Cor.+0.0( 

XJSmm. 

Weighted  mean 

+  37.2 

Mean +  37.4 

V 

0    -  14.24 

V 

/    +    0.11 

Reduction  to  Sun 

-14.13 

Ra 

dial  Velocity 

T 

+23.1  km. 

fi  ORIONIS—B  270 


Measuretl  by  F. 
Power  13 


s 

29.9906 

Ti 

30.0412 

Ti 

35., 5109 

K 

.35.7116 

Ti 

44.14.58 

Ti 

44  7062 

H 

44.7878 

Ti 

45.72,39 

S 

45.7722 

Ti 

ft3.4749 

Ti 

65.6,312 

S 

65.8922 

4341.124 
Standard 
4.387.073 
4388.806 
4465.986 
4471.4,35 
4472.231 
Standard 
4481.917 
Standard 
4710.406 
4713.901 


±0.000 
-0.067 


-0.011 
-0.027 


±0.000 


±0.000 
-0.038 


-0.001 
-6.669 

-6'.6i.3 
±6.666 

-6.038 


4340.034 
i:!11..5:i0 
4:J87.007 
4.388.100 
4465.975 
4471.408 
4471.670 
4481. 4:!8 
4481.400 
4682.088 
4710.. '«58 
4713.. 308 


+0.489 

-K>.6.37 

+0.542 
+0.517 

-H).555 


+,33.8 

43.5 

:?0.3 
.34.0 


Weighted  mean 
Curvature  Cor. 

Va 
V„ 

Reduction  to  .Sun 
liadial  Velocity 

2fXJ 


Mean +  36. 7 
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1902,  January  16,  G.  M.  T.  17"  3" 
Hour  auffle  W  1"  46-" 


^  ORIONIS—B  277 
Star  good;  comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti    17.2623 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4.338.084 

t.  m. 

km. 

S     17.6427 

4;i41.132 

-0.002 

4340.6.34 

+0.496 

+34.3 

1 

Ti   23.1558 

4387.042 

-6.035 

4387.007 

Ti   24.6347 

Standard 

±0.000 

4.399.935 

S     28.8554 

4438.179 

+0.046 

44.37.718 

+0.507 

34.3 

1 

Ti   29.4687 

4443.923 

+0.053 

4443.976 

Ti   32.0516 

4468.657 

+0.006 

4468. 6a3 

S     32.4205 

4472.263 

+0.004 

4471.676 

+0.591 

39.6 

3 

Ti   a3.3503 

Standard 

±6. 000 

4481.438 

S     a3.3924 

4481.856 

±0.000 

4481.400 

+0.456 

30.5 

2 

S     43.0322 

4584.478 

±0.000 

4584.018 

+0.460 

30.1 

1 

Ti   43.5254 

Standard 

±0.000 

4590.126 

Ti   49.0727 

Standard 

±0.000 

4656.644 

Ti   53.2285 

Standard 

±0.000 

4710.368 

S     53.4933 

4713  913 

±0.000 

4713.. 308 

+0.605 

38.5 

2 

Curvature  Cor.  +0.0008  mm. 


Weighted  mean 

Va 

Va 
Keduction  to  Sun 
Radial  Velocity 


-16.81 
-  0.15 


+  35.6 


Mean +  34. 5 


-16.96 


+  18.6  km. 


/S  ORIONIS—B  277 


Measured  by  F.  with  Zeiss  Comparator 
Power  17 


R 

24.4155 

Ti 

24.4587 

Ti 

29.8992 

S 

.30.0715 

Ti 

.38.4880 

Ti 

.39.0440 

S 

.39.12.55 

Ti 

40.0540 

S 

40.09.52 

Ti 

44.1042 

S 

44.1345 

S 

49.7010 

Ti 

50,1905 

4341.181 
Standard 
4387.055 
4.388.550 
Standard 
4471  412 
4472.21.3 
4481. 398 
4481.808 
4522.918 
4.523.237 
4.584.492 
Standard 


±0.000 
-0.048 


±0.000 
-0.004 


-fO.040 
+6 '.058 


±0.000 


±0.000 
-6.048 

-6'.  664 
+6!o46 
+6!  6.58 

+0.005 


4340.634 
4.341.530 
4387.007 
4388.100 
4465.975 
4471.408 
4471.676 
4481.438 
4481.400 
4522.974 
4522.802 
4584.018 
4590.126 


+0.547 

+0.402 

+0..533 

+0.448 

+0.493 
+0.479 


+37.8 


35.7 
30.0 


32.7 
31.3 


Curvature  Cor. +  0.0011  mm. 


1902,  January  24,  G.  M.T.  12''  50"> 
Hour  angle  E  2"  00"' 


Weighted  mean  +31.82 

Va    -16.81 

V,i    -  0.15 
Reduction  to  Sun  —16.96 

Radial  Veloeitv  +14.9  km. 


Mean +  32. 5 


p  ORIONIS—B  282 
Star  good ;  comparison  good. 


Measured  by  F.  with  Zeiss  Comparator 
Power  13 


Ti   .32.207 

Standard 

±0.000 

4.338.084 

S     32.586 

4.341.1.32 

±0.001 

4.340.6:^4 

+0.497 

+34.3 

1 

Ti   .38.076 

4.387.024 

-0.017 

4.387.007 

S     38.257 

4386.. 594 

-0.017 

4.388.100 

+0.477 

32.6 

1 

Ti   .39.551 

Standard 

±0.000 

4.399.9.35 

Ti   46.937 

4468.665 

-0.002 

4468.663 

S     47. .309 

4472. 31 8 

-0.002 

4471.676 

+0.640 

42.9 

1 

Ti   48.229 

Standard 

±0.000 

4481. 4;« 

S     48.288 

4482.026 

±0.000 

4481.400 

+0.626 

41.9 

2 

Curvature  Cor.  +  0 .  0011  mm. 


Weighted  mean 

Va    -19.32 

Vd  +  0.17 

Reduction  to  Sun 

Radial  Velocity 

201 


+38.7 


Mean +  37.9 


-19.15 
+  19. 6km. 
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Radial  Velocities  of  Twenty  Stars 


/3  ORIOXIS—B  282 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  23.2788 

Standard 

±0.000 

4338.084 

S     23.6556 

4341.106 

±0.000 

4340.  6;M 

+0.472 

+32.6 

2 

S     29.3646 

4:«8.745 

±0.000 

4;«8.100 

+0.645 

44.1 

2 

Ti   30.1065 

Standard 

±0.000 

4;i95.201 

Ti   31.9213 

4411.266 

-0.026 

4411.240 

S     32.6320 

4417.665 

-0.023 

4417.121 

+0.521 

35.4 

1 

Ti   38.0620 

Standard 

±0.000 

4468.663 

S     38.4:i2;J 

4472. 2a3 

±6.6o(') 

4471.676 

+0.607 

40.7 

3 

Ti   .•i9.3653 

4481.488 

-0.050 

4481.438 

S     39. -1324 

4482.028 

-0.000 

4481.400 

+0.578 

38.7 

1 

Ti   55.0843 

Standard 

±0.000 

4656.644 

Ti   57.0867 

Standard 

±0.000 

4682.088 

Ti   58.3815 

Standard 

±0.000 

4698.946 

S     59.5088 

4713.891 

±6.666 

4713.308 

+0.583 

37.1 

3 

Curvature  Cor.  +  0.0008  mm. 


Weighted  mean 

Vd 
Keductiou  to  Sun 
Eadial  Velocity 


-19.32 
+  0.17 


+  38.4 


19.15 


+  19.2  km. 


Mean +  38.1 


1902,  February  10,  G.  M.  T.  M*-  54" 
Hour  angle,  W  1"  lO" 


PORIONIS—A312 
Star  good  ;  comparison  good. 


Curvature  Cor.+0.0005  mm. 


+44.5 


Weighted  mean 

Va   -23 Al 

Vd    -  0.10 

Reduction  to  Sun  

Radial  Velocity  +20. 9 km. 


-23.57 


Measured  by  A. 
Power  21 


Ti  25.3630 

Standard 

±0.000 

4338.084 

S     25.6543 

4341.2.34 

-6.66i 

4.340.634 

+0.599 

+41.4 

2 

Ti  29.7287 

4.387.019 

-0.012 

4,387.007 

S     29.8806 

4.388.791 

-0.011 

4.388.100 

+0.680 

46.4 

1 

Ti  31.7702 

Standard 

±0.000 

4411.240 

S     33.9747 

4438.429 

+6.667 

44.37.718 

+0.718 

48.5 

1 

Ti  34.4129 

4443.967 

+0.009 

4443.976 

Ti  36.. 3238 

4468.657 

+0.006 

4468.663 

S     36.6081 

4472.407 

+6.664 

4471.676 

+0.7.35 

49.3 

3 

Ti  37.2864 

Standard 

±6.666 

4481.438 

S     37.3279 

4481.994 

±0.000 

4481.400 

+0.594 

39.7 

3 

Mean+46.1 


1902,  March  3,  G.  M.  T.  IS*-  44"' 
Hour  angle  W  1"  23'° 


fiORIONIS  —  Aim 
Star  good;  comparison  good. 


Curvattire  Cor.+O.OOOa  mm. 


Weighted  mean  +44.3 

Va    -25.63 

Vd    -  012 
Reduction  to  Sun  —25.75 

Radial  Velocity  + 18 . 5  km. 

202 


Measured  by  A. 
Power  21 


Ti  22.. 3238 

Standard 

±0.000 

4.338.084 

S     22.6222 

4.341.. 307 

±6.666 

4.340.634 

+0.673 

+46.5 

2 

Ti  26.6919 

4.386.978 

+0.029 

4:187.007 

S     26.a362 

4.388.658 

+0.027 

4.388.100 

+0.585 

40.0 

2 

Ti  27.7949 

Standard 

±0.000 

4399.9.35 

Ti  .33.2998 

44fW.672 

-0.009 

4468. 6a3 

S     .33. 5810 

4472. 377 

-0.006 

4471.676 

+0.695 

46.6 

4 

Ti  .34.2624 

Standard 

±0.000 

4481.4.38 

S     .34.. 3070 

4482.035 

±0.000 

4481.400 

+0.635 

42.5 

3 

Mean  +43.9 


Edwin  B.  Frost  and  Walter  S.  Adams 


61 


Summary  of  Measores  of  ^ORIONIS 


Mean  +21.1 

Mean  of  19  plates 

Mean  of  all  measures 


Plate 

Date 

Adams 

No.  of 

Lines 

Frost 

No.  of 

Lines 

A207 
A262 
B207 
A284 
B213 
B220 
B231 
B237 
B252 
B257 
A297 
B261 
A300 
A306 
B270 
B277 
B282 
A312 
A330 

1901,  Sept.  4 
Oct.     3 
Oct.  18 
Oct.  31 
Nov.    7 
Nov.    8 
Nov.  14 
Nov.  15 
Nov.  27 
Dec.  18 
Dec.  19 
Dec.  31 

1902,  Jan.    4 
Jan.    8 
Jan.    9 
Jan.  16 
Jan.  24 
Feb.  10 
Mar.   3 

+20.4 
+22.8 
+21.8 
+18.5 
+22.5 
+22.9 
+23.4 
+21.7 
+19.8 
+21.1 
+19.8 
+21.0 
+22.7 
+23.1 
+23.1 
+18.6 
+19.2 
+20.9 
+18.5 

4 
5 
6 
4 
3 
6 
5 
5 
4 
5 
4 
4 
4 
4 
4 
6 
6 
5 
4 

+i8'2 

+2i!8 

+21 '  6 
+14.9 
+19.6 

5 

'4 

5 
5 
4 

+19. 


+20.9  km. 
+20.7  km. 


7.     7  ORIONIS 

(  R.  A. =5"  20""  ;  Dec.=+6°  15' ;  Mag.  1.  9  ;  Class  IVa ) 

Seven  plates  of  this  star  have  been  measured,  six  by  A.,  and  four  by  F.,  with  three  common  to 

the  two  observers.     An  interesting  systematic  difference  seems  to  exist  in  the  two  sets  of  measures, 

which  is  probably  due  to  the  different  personality  effects  which  enter  into  the  settings  upon  the  broad 

lines  of  the  star  spectrum.     The  general  featui'es  of  this  spectrum  are  very  similar  to  those  of  ^  Persei. 


1901,  September  11,  G.  M.  T.  2P  32" 
Hour  angle  E  2"  l?-" 


y  ORION  IS— k214: 
Star  fair ;  comparison  rather  weak. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

S     26.0285 

t.  m. 
4.340.459 

t.  m. 

t.  m. 
±0.000 

t.  m. 
4.340.  &34 

t.  m. 
-0.175 

km. 
-12.1 

4 

H    26.0449 

Standard 

±0.000 

4.340.634 

S     .30.. 3242 

4.387.938 

-6.056 

4388.100 

-0.218 

14.9 

2 

Ti  .30.9596 

4.395.266 

-0.065 

4395.201 

Ti  .36.95.36 

Standard 

±0.(XX) 

4468. 6&3 

S     37.1664 

4471.419 

+0.028 

4471.676 

-0.229 

15.4 

2 

He  .37.1849 

4471.648 

+0.028 

4471.676 

S     37.9127 

4481.174 

+6.027 

4481.400 

-0.199 

13.3 

4 

Ti  42.8823 

4.549.788 

+0.020 

4549  808 

S     43.0712 

4.5.52. 529 

+o.oi8 

4552.750 

-0.203 

13.4 

1 

Ti  43.8492 

4,5&3.926 

+0.013 

4563.939 

S     44.1047 

4567.708 

+0.667 

4567.950 

-0.2.35 

15.4 

1 

Ti  44.40.36 

Standard 

±0.000 

4572.156 

2 

S     44.5777 

4574.759 

±6.666 

4574.900 

-0.141 

9.2 

Curvature  Cor .+  0.0001  mm. 


Weighted  mean 

Va  +28.31 

Vd+  0-19 

Reduction  to  Sun 

Radial  Velocity 

203 


13.1 


+  28.50 
+  15.4  km. 


Mean  -13.1 
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Radial  Velocities  of  Twenty  Stars 


1901.  October  2.  G.  M.  T.  2P3i'" 
Hour  angle  E  0^  47" 


yORIONIS  —  A2m 
Star  g^xxJ ;  comparison  good. 


Measured  bv  A. 
Power  21 


Mean  of  Setting 

Wave-Leneth  by 
Formaia 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wavo- 
Length 

Displacement 

Velocity 

Weight 

mm. 
Ti   18,1261 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m 
4338.084 

t.  m. 

km. 

S     18.. 3507 

4.340.474 

-6.66i 

4340.634 

-0.161 

-11.1 

1 

Ti  22.5613 

4;87.a39 

-0.032 

4387.007 

S     22.6451 

4:188.001 

-0.032 

4388.100 

-0.131 

9.0 

2 

Ti  23.6768 

4:»9.961 

-0.026 

4399.9,35 

S     24.9370 

4414.871 

-0.016 

4415.076 

-0.221 

15.0 

1 

Ti  25.9640 

4427.274 

-O.OOS 

4427.206 

S     26.7986 

4437.526 

-0.004 

44.37.718 

-0.196 

13.2 

1 

Ti  27.7427 

Standard 

±6.666 

4449.. 313 

Ti  29.2569 

4468.6,53 

+0.010 

4468. 6&3 

S     29.4801 

4471.. 551 

+0.013 

4471.676 

-0.112 

1  .;> 

2 

S     .30.21.39 

4481.  ia3 

+0.026 

4481.400 

-0.211 

14.1 

1 

Ti  .30  2.328 

4481.412 

+0.026 

4481.4.38 

Ti  .36.1.3&3 

Standard 

±0.000 

4563.9,39 

S     36.3967 

4567.774 

±6.666 

4567.950 

-0.176 

11.0 

1 

Curvature  Cor.+ 0.0001  mm. 


Weighted  mean 

Reduction  to  Suu 
Radial  Velocity 


-10.9 


+  26.61 
+   0.07 


+  26.68 
+  15.8km. 


Mean  —  11.6 


1901,  November  S,  G.  M.  T.  20"  SS"" 
Hour  angle  W  0^32™ 


7  ORIOX IS    B22\ 
Star  fair;  comparison  good. 


Curvature  Cor.  +0.0009  mm. 


Weighted  mean  +1.6 

V„  +1.").47 

Vd  -  0.05 
Reduction  to  Sua  +15^42 

Radial  Velocity  +17T0  km. 


Measured  by  A. 
Power  14 


Ti  20.0778 

Standard 

±0.0C0 

4.338.084 

S    2(J.4093 

4.340.706 

-6.6oi 

4.340. 6;i4 

+0.071 

+4.9 

1 

Ti  20.0447 

4.387.035 

-O.ttiS 

4.387.007 

S    26.1716 

4.388.118 

-0.026 

4.388.100 

-0.008 

-0.6 

2 

Ti  27. 5425 

Standard 

±0.000 

4.399. 9:i5 

Ti  .T).0484 

UiiH.im 

-0.005 

4468. 0a3 

S    .Yj..^560 

4471.042 

-O.OOl 

4471.076 

-0.a38 

-2.5 

1 

Ti  .3fj.. 36(^6 

Standard 

±0.000 

4481. 4:!8 

S    .30.. 3629 

4481.401 

±0.000 

4481.400 

+0.061 

+4.1 

1 

S    43.2799 

4.5.52.791 

±0.000 

4552.750 

+0.041 

+2.7 

1 

Ti  43. 5444 

Standard 

±0.000 

45.55.062 

Ti  UMXTJ 

4.563.902 

-0.023 

4.5(i3.9.39 

S    44.07.55 

4.568.000 

-0.018 

4567.9,50 

+0.092 

+6.0 

3 

Ti  40.04.37 

4.590.128 

-O.OOJ 

4590.126 

Ti  49.(XJ40 

Standard 

±0.fJOO 

4017.4.52 

Ti  .52.2489 

4f;50.o;n 

+o.a)7 

40.50.044 

Ti  .54.27.31 

Standard 

±o.m) 

4(582.088 

Ti  .56.4.512 

4710. 389 

-0.021 

4710.. ■«58 

S    56.6702 

4713.289 



-0.021 

4713.. 308 

-0.040 

-2.5 

3 

Moan  +1.7 


201 
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Measured  by  F. 
Power  15 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  30.0031 

t.  m. 

Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 

4387.007 

t.  m. 

km. 

S    30.1385 

4388.164 

-0.001 

4388.100 

+0.063 

+  4.3 

3 

S    a3.2198 

4415.067 

-0.a35 

4415.076 

-0.044 

-   3.0 

1 

Ti  a3.2198 

4417.922 

-0.038 

4417.884 

Ti  38.7276 

4465.997 

-0.022 

4465.975 

S    39.3271 

4471.773 

-0.014 

4471.676 

+0.083 

+  5.6 

3 

Ti  40.3191 

Standard 

±0.000 

4481.438 

S    40.3295 

4481.540 

±6.666 

4481.400 

+0.140 

+  9.4 

h 

Ti  47.2247 

4552.601 

+0.031 

4552.632 

S    47.2543 

4552.924 

+o.a3i 

4552.750 

+0.202 

+13.3 

i-'A 

Ti  47.5037 

4555.627 

+0.a35 

4555.662 

S    48.6214 

4567.875 

+6.6i6 

4567.950 

-0.059 

-  3.9 

1 

Ti  50.6058 

Standard 

±6.666 

4590.126 

Curvature  Cor.  +  0.0013  mm. 


Weighted  mean  +  4 

Va  +15.47 
Vd  -  0.05 

Reduction  to  Suu 

Radial  Velocity 


+15.42 

+20.2  km. 


Mean  +4.3 


7  ORIONIS—B  253 


1901,  November  27, 

G.  M.  T.  21"  55- 

Star  strong; 

not  quite  centrally 

Measured 

by  F. 

Hour  angle  W  S"  8"> 

between  comparison  spectra. 

Power  14 

S    29.9085 

4340.732 

+0.067 

4.340.634 

+0.165 

+11.4 

2 

Ti  29.9995 

4.341.463 

+0.067 

4341.5.30 

Ti  35.4665 

Standard 

±0.000 

4387.007 

S    ,35.&305 

4.388.424 

±0.000 

4.388.100 

+0.324 

22.1 

2 

Ti  .39.99,35 

4427.264 

+0.002 

4427.266 

S    41.1.325 

44.37.783 

-6.66i 

44.37.718 

+0.064 

4.3 

y2 

Ti  42.. 3615 

4449. 318 

-0.005 

4449, 313 

Ti  44.1005 

Standard 

±0.000 

4465.975 

S    44.7040 

4471.850 

+0.004 

4471.676 

+0.178 

11.9 

3 

Ti  45.67&5 

4481.423 

+0.013 

4481.4,38 

S    45.7025 

4481.680 

+0.013 

4481.400 

+0.293 

19.6 

.'4 

Ti  52.51.35 

4.5.52.592 

+0.040 

4552.632 

S    52.. 5.510 

45.53.002 

+0.0,35 

4552.750 

+0.287 

18.9 

1 

Ti  52.7915 

4.5.55.  &38 

+0.024 

4555.662 

S    53.9210 

4.568.144 

+6.626 

4567.950 

+0.214 

14.0 

2 

Ti  55.8615 

Standard 

±0.000 

4590.126 

Curvature  Cor.  +0.0 

015  mm. 

Weighted  mean                +14 . 7 
Va    +6.75 
Vd    -0.25 
Reduction  to  Sun                +  fi .  50 

Met 

m  +14.6 

• 

Ra 

dial  Velocitj 

H 

h21.2  km. 
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Radial  Velocities  of  Twenty  Stars 


1902.  December  31.  G.  M.  T.  15"  38" 
Hour  angle  E  (>■  58° 


7  OEIONIS—B  262 
Star  good;  comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-LenBth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  .30.1486 

4471.4.34 

-0.026 

4471.408 

S    30.2116 

4472.051 

-0.026 

4471.076 

+0.349 

+23.4 

2 

Ti  31.1&32 

Standard 

±0.000 

4481.438 

Ti  37.9928 

4552.617 

+0.015 

45.52.632 

S    .38.0449 

4553.187 

+0.015 

4552.750 

+0.452 

29.8 

1 

Ti  41.3381 

Standard 

±0.000 

4590.126 

S    41.4567 

4.591.490 

±0.000 

4591.066 

+0.424 

27.7 

1 

S    44.0480 

4621.909 

+0.023 

4621.549 

+0.383 

24.8 

1 

Ti  44.1603 

462:3.255 

+0.023 

4623.279 

S    46., 3328 

4649.742 

+0.012 

4649.250 

+0.504 

32.5 

2 

Ti  46.8864 

4656.635 

+0.009 

4656.644 

Ti  50.1830 

4698.940 

+0.006 

4698.946 

S    50.24.50 

4699.757 

+0.006 

4699.. 340 

+0.423 

27.0 

2 

Ti  .51.0447 

Standard 

±6.666 

4710.. 368 

S    51.2930 

4713.690 

±0.000 

4713.308 

+0..382 

24.3 

2 

Curvature  Cor.  +0.0008  mm. 


Weighted  mean  +27.0 

Va  -10.03 

Vd  +  009 
Reduction  to  Sun  —  9.94 

Radial  Velocity  +17.rkm. 


Mean  +27.1 


7  ORIONIS—B  262 


Measured  by  F. 
Power  12 


Ti  .35.003 

4.341.413 

+0.117 

4.341.5.30 

S    .34.a36 

4340.873 

+0.119 

4.340.  &34 

+0.,358 

+24.7 

1 

Ti  40.467 

Standard 

±0.000 

4387.007 

S    40.&33 

4.388.443 

±6.666 

4.388.100 

+0..343 

23.4 

2 

Ti  44.988 

4427.267 

-0.001 

4427.266 

S    46.158 

44.38.088 

-0.017 

44,37.718 

+0..353 

23.8 

H 

Ti  46.420 

4440.. 5.35 

-0.020 

4440.. 515 

Ti  49.(J92 

4465.995 

-0.020 

4465.975 

S    49.729 

4472.204 

-0.013 

4471.676 

+0.515 

,34.5 

2 

Ti  .50.666 

Standard 

±0.000 

4481. 4;iS 

S    50.690 

4481.676 

±0.000 

4481. lOO 

+0.276 

18.5 

1 

Ti  .57.498 

4.5.52.615 

+0.017 

4.552.  ti;i2 

S    57.553 

4.553.212 

+6.oi9 

4.552. 7.")() 

+0.481 

.31.7 

1'^ 

Ti  .57.774 

4.5.55.635 

+0.027 

445",.  662 

S    .58.9.36 

4568.. 509 

+0.018 
+0.011 

45(i7.950 

+0.,577 

,37.9 

1 

S    59.. 5.50 

4.575. 4(J2 

4574.900 

+0.513 

,3.3.6 

H 

Ti  60.843 

Standard 

±0.000 

4.590.126 

S    60.9&3 

4.591. 5<J7 

-0.001 

4591.066 

+0.440 

28.7 

H 

Ti  67.276 

4667.8(58 

-0.100 

4667.768 

Ti  69.689 

4699.101 

-0.1.55 

4698.946 

Ti  70.5.51 

4710.. 5.58 

-0.190 

4710.. 368 

S    70.807 

4713.992 

-0.201 

4713.308 

+0.483 

30.7 

1 

Curvature  Cor.  +0.001  mm. 


Weigh tetl  UK  iiii  +28.9 

Va  -10.03 

V,i  +  0.09 
IJiKliiction  to  Sun  -  9.94 

Kadial  Velfx:ity  +19. 0  km. 


Mean  +28.8 
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1902,  March  13,  G.  M.  T.  IS"  m"' 
Hour  angle  W  3"  58" 


7  ORION  IS  ~B  299 
Star  fair;  comparison  good. 


Measured  by  A. 
Power  20 


Mean  of  Settings 

Wave-Length  by 
Formula 

('orrection  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Leugth 

Displacement 

Velocity 

Weight 

Ti  18.2322 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 

4a38.084 

t.  m. 

km. 

S    21.8613 

4367.681 

-0.021 

4367.012 

+0.648 

+44.5 

2 

Ti  21.8827 

4367.860 

-0.021 

4367.839 

S    27.6140 

4417.817 

-0.062 

4417.121 

+0.634 

43.0 

1 

Ti  27.6583 

4417.946 

-O.OO'i 

4417.884 

Ti  32.8061 

Standard 

±0.000 

4465.975 

S    33.1598 

4472.321 

+0.008 

4471.676 

+0.653 

43.8 

2 

Ti  34.3868 

4481.420 

4-0.018 

4481.438 

S    34.4508 

4482.052 

+0.018 

4481.400 

+0.670 

44.8 

1 

Ti  42.2737 

4563.904 

+0.035 

4563.939 

S    42.6999 

4568.637 

+6.022 

4567.950 

+0.709 

40.5 

2 

Ti  43.0140 

4572.145 

+0.011 

4572.156 

Ti  44.6012 

Standard 

±0.000 

4590.126 

Curvatiu-e  Cor.  +0.0008  mm. 


Weighted  mean 

Va 

Vd 
Reduction  to  Sun 
Radial  Velocity 


+44.7 

-28.63 

-  0.29 

-28.92 
+15.8  km. 


Mean  +44.5 


1902,  April  9,  G.  M.  T.  16"  4" 
Horn-  angle  W  i'^  56™ 


7  ORIONIS  — B  311 
Star  too  weak;  comparison  strong. 


Curvatm-e  Cor.  +0.0008  mm. 


Weighted  mean 

Va 
Vd 

Reduction  to  Sun 
Radial  Velocity 


-24.92 
-  0.33 


+43.6 


-25.2.5^ 
+18.4  km. 


7  ORIONIS—B  317 


Measiu'ed  by  A. 
Power  17 


Ti  22.9221 

Standard 

±0.000 

4.387.007 

S    23.1170 

4.388.687 

iO.ax) 

4388.100 

+0.587 

+40.1 

2 

Ti  31.5791 

4465.985 

-o.oio 

4465.975 

S    32.2.371 

4472.376 

-6.606 

4471.676 

+0.694 

46.5 

3 

Ti  33.1599 

Standard 

±0.0(X) 

4481.4.38 

S    a3. 21.37 

4481.970 

±0.000 

4481.400 

+0.570 

38.1 

1 

Ti  40.0166 

4.5.52.609 

+0.023 

4552.6.32 

S    40.0909 

4.553.420 

+0.022 

4552.750 

+0.692 

45.6 

1 

Ti  43.. 37.33 

Standard 

± 6.066 

4590. 12G 

S    43.5ia3 

4591.766 

±0.606 

4591.066 

+0.692 

45.7 

1 

Mean +43.2 


Measured  by  F. 
Power  12 


Ti  .35.001 

Standard 

±0.000 

4.387.007 

S     35.188 

4388.618 

±6. OCX) 

4388.109 

+0.518 

+35.4 

2 

Ti  37.764 

4411.224 

+0.016 

4411.240 

S     .38.287 

4415. 9a3 

+0.010 

4415.076 

1 

Ti  40.294 

4434.187 

-0.019 

44.34.168 

-fO.8.37 

+.56.8 

1 

S     40.7.39 

44.38.303 

-0.019 

4437.718 

+0.566 

38.2 

1 

Ti  43.662 

4465.993 

-0.018 

4465.975 

S     44. 318 

4472.368 

-0.007 

4671.676 

+0.685 

45.9 

2 

Ti  44.590 

Standard 

±0.000 

4475.026 

Ti  52.100 

4.5.52.616 

+0.016 

4.5.52.  &32 

Ti  52.782 

4560.076 

+0.026 

4560.102 

S     53.. 363 

4568.730 

+0.018 

4567 . 9.50 

+0.798 

52.4 

1 

Ti  55.457 

Standard 

±0.000 

4590.126 

Curvatuie  Cor.  +  0.001  mm. 


Weighted  mean 

Va 
V,l 

Reduction  to  Sun 
Radial  Velocity 


-24.92 
-  0.33 


+44.3 


Mean  +45 . 
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Radial  Velocities  of  Twenty  Stabs 


Summary  of  Measures  of  y  ORIONIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

A  224 

1901,  Sept.  11 

+15.4 

7 

A  258 

Oct.     2 

+15.8 

7 

B  221 

Nov.     8 

+17.0 

7 

+20.2 

6 

B  253 

Nov.   27 

+21.2 

7 

B  262 

Dec.  31 

+17.1 

7 

+19.0 

10 

B  299 

1902,  Mar.   13 

+15.8 

o 

B  317 

Apr.     9 

+18.4 

0 

+i9.6 

4 

Mean       +16.6  +20.1 

Moan  nf  7  plates  +17.6  km. 
Moan  of  all  moasiires  +18.0  km. 


7.     e  ORIONIS 

(R.  A.  =  B*-  SI";  Dec.  =  -  1    16' ;  Mag.  1.8;  Class  IIo) 

Four   plates  of  this  star  have   hecMi  measured,  three  by  F.,  and  four  by  A.      .Ml  of  the  lines  in 

its  spectrum  are  extremely  broad  and   ill-dofiiu'd.  and   the   accuracy  of  measuremont    is  probably   loss 

than  for  any  other  star  in  the  list. 

t  ORIONIS— A  208 
1901,  September  4,  G.  M.  T.  22"  10""  Measured  by  A. 

Hour  angle  E  2*  23°'  Star  rather  strong;  comparison  good.  Power  21 


Mean  of  Settings 

Wave-LonEth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  23.5.347 

t.  m. 
Standard 

t.  m. 

±0.000 

t.  m. 

t.  m. 

4.3.38,084 

t.  m. 

km. 

Ti  .31.7160 

Standard 

±0.000 

4468. 6&3 

S    .34.95.57 

4471.762 

±0.000 

4471 .  (576 

+0.086 

+5.8 

2 

S    .35.689(J 

4481.331 

+0.017 

4481.  KK) 

—0.052 

-3.5 

2 

Ti  .35.6959 

4581.421 

+0.017 

4481.438 

Ti  40.a5-2o 

4552.648 

-0.016 

4.").')2.{132 

S    40.a598 

4552.7.38 

-0.016 

4.552.  ?.")<) 

-0.012 

-0.8 

1 

Ti  41.6242 

Standard 

±0.000 

4.")«.3.9.39 

Curvature  Cor.  +0.0002  mm. 


Weighted  mean  +0.8 

Va  +26.52 

Vd  +  0.20 
Hodiu  tion  to  Sun  +26.72 

Radial  Volocitv  +27.5  km. 


Mean    +0 . 5 


1901,  November  13,  G.  M.  T.  Ht"  ."lO" 
Hour  angle  E  0^  29" 


<  ORION  IS -B228 
Star  good;  comparison  strong. 


Measured  by  A. 
Power  17 


S    14. .5020 

4340.974 

±0.000 

4.340.  a34 

+O..340 

+23.5 

2 

Ti  14.9362 

Standard 

±0.000 

4.344.4.51 

Ti  20.1(/i3 

4387.071 

-0.064 

4.387.007 

S    2(J.24{)5 

4.388.. 328 

-0.064 

4.388.100 

+0.164 

11.2 

I'^J 

S    29.4612 

4472.034 

-0.00(5 

4471.676 

+0..3,52 

23.6 

Ti  .30.4276 

Standard 

±0.000 

4481.4.38 

Ti  .37..33.T8 

4.552.. 527 

+0.105 

4.5.52.  &32 

8    .37. 3726 

45.52.925 

+0.105 

45.52.7.50 

+0.280 

18.4 

H 

Ti  .38.. 37.32 

4.563.827 

+0.112 

4.563.9.39 

S    .38.7.Vi3 

4568.011 

+0.111 

4.567.9.50 

+0.172 

11.3 

1 

Ti  .50.. 5289 

Standard 

±0.000 

4710.. 368 

S    .50.7662 

4713.. 516 

±0.000 

4713.. 308 

+0.208 

13.2 

4 

Curvature  Cor.  +0.0008 mm. 


Weighted  mean 

Va 

v., 

Reduction  to  Sun 
Radial  Velocity 


+13.73 
+  0.04 


+15.0 

+13.77 

+28.8  km. 


Meau  +16.9 
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e  ORIONIti—B  228 


Measured  by  F. 
Power  12 


Mean  of  Settings 

Wave- Length  by 
FormiJa 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

S    30.777 

t.  m. 
4340.670 

t.  m. 

t.  m. 
±0.000 

t.  m. 
4340.634 

t.  m. 
+0.036 

km. 

+2.5 

1 

Ti  30.855 

Standard 

iO.UX) 

4341.530 

Ti  36.390 

4386.945 

+0.062 

4387.007 

S    36.511 

4387.982 

+0.062 

4388.100 

-0.058 

-4.0 

1 

Ti  45.122 

4465.995 

-6.020 

4465.975 

S    45.734 

4471.891 

-0.016 

4471.676 

+0.199 

+13.3 

2 

Ti  48  216 

Standard 

±0.000 

4496.318 

Ti  53.626 

4552.612 

+0.020 

4552.  &32 

S    53.648 

4552.850 

+0.020 

4552.750 

+0.120 

+7.9 

H 

Ti  66.817 

Standard 

±0.000 

4710.368 

S    67.057 

4713.548 

±0.000 

4713.308 

+0.240 

+15.3 

3 

Curvature  Cor.  +0.001  mm. 


Weighted  mean 

Va 

Reduction  to  Sun 
Radial  Velocity 


+13.73 
+  0.04 


+10.0 
i 

+13.77 
+23.8  km. 


Mean  +  7.0 


1902,  March  13,  G.  M.  T.  15"  11- 
Hour  ansrle  W  3"  8'" 


eOiJ/OA^/S  — B298 
Star  rather  weak;  comparison  good. 


Measured  by  A. 
Power  14 


Ti  17.9470 

Standard 

±0.000 

4.338.084 

S    18.. 3666 

4.341.4.38 

-6.664 

4340.6.34 

+0.800 

+55.3 

2 

Ti  23.8632 

4.387.075 

-0.068 

4.387.007 

S    24.0978 

4.389.096 

-0.068 

4.388.100 

+0.938 

63.4 

2 

Ti  25.. 3515 

4400.001 

-0.066 

4.399.9.35 

Ti  .32.7994 

4468.687 

-0.024 

4468.663 

S    a3.1848 

4472.4.35 

-0.017 

4471.676 

+0.742 

49.8 

1 

Ti  .34.1023 

Standard 

±0.000 

4481.438 

Ti  41.9902 

4.563.879 

+0.060 

45&3.939 

S    42.4164 

4.568.609 

+0.057 

4567.950 

+0.716 

47.0 

1 

S    48.5112 

46.39.666 

+0.011 

4a38.9.37 

+0.740 

47.8 

2 

Ti  49.8867 

Standard 

±0.000 

4656.644 

Curvature  Cor.  +0.0008  mm. 


Weighted  mean 

Va 
Reduction  to  Stm 
Radial  Velocity 


-27.23 
-  0.25 


+53.7 


27.48 


+26.2  km. 


Mean +52.6 


e  ORION  IS— B  298 


Measured  by  P. 
Power  12 


Ti  35.000 

Standard 

±0.000 

4.387.007 

S     35.2.36 

4.389.041 

±o.ax) 

4.388.100 

+0.941 

+64.3 

2 

Ti  44.222 

4471.442 

-6.6.34 

4471.408 

S     44.308 

4472.280 

-0.0.31 

4471.676 

+0..573 

.38.4 

2 

Ti  45.241 

Standard 

±0.006 

4481.438 

Ti  52.100 

4552.603 

+0.029 

45.52.6,32 

S     52.199 

4.553. 6a3 

+6.629 

4.552.750 

+0.962 

63.4 

V„ 

Ti  53.129 

45&3.901 

+0.0.38 

4.5&3.939 

S     53.. 574 

4568.840 

+6.039 

4567.950 

+0.929 

61.0 

H 

Ti  55.455 

4590.082 

+0.044 

4590.126 

Ti  61.024 

Standard 

±0.000 

4656.644 

Curvature  Cor.  +  0.001  mm. 


Weighted  Mean  +53 

Va  -27.23 
F,, -^0.25 
Reduction  to  Sun 
Radial  Velocity 
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27.48 


+  26.1  km. 


Mean +56.8 


Radi.\l  Velocities  of  Twenty  Stabs 


1902,  April  9,  G.  M.  T.  14"  21" 
Hour  angle  W  4"  S" 


^0RI0NIS—B3ie 
Star  fair;  comparison  good. 


Measured  by  A. 
Power  17 


Mean  of  Settings 

Wave-LenKth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Leugth 

Displacement 

Telocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti   24.3317 

Standard 

±0.000 

4.3'W.0S4 

S     24.7620 

4;M1..^17 

±0.000 

4.340. 6;i4 

+0.8a3 

+61.1 

1 

Ti  .30.2485 

4."5S7.016 

-0.009 

4.387.  a)7 

S     .30.4698 

4:$88.9-.>l 

-6.669 

4:588.100 

+0.812 

55.5 

1 

Ti  31.7.366 

Standard 

±0.000 

4.399.935 

Ti  .39.1&36 

441W.671 

-0.008 

4468.66:$ 

S     .39.5&33 

4472. 370 

-0.006 

4471.676 

+0.688 

4G.1 

3 

Ti  40.4855 

Standard 

±0.000 

4481.4.38 

Curvature  Cor.  +0.0008  mm. 


Weighted  mean  +51.0 

Va  -24.24 

Vd  -  0.30 
Reduction  to  Sun  —  24 .  54 

Radial  Velocity  +26.5  km. 


Mean +54.2 


t  ORION  IS— 'BSifi 


Measured  bv  F. 
Power  12 


Ti  .35.001 

Standard 

±0.000 

4.387.007 

S     .35.213 

4388.  a35 

±0.000 

4.388.100 

+0.7,35 

+50.2 

1 

Ti  43.6.59 

446(;.001 

-0.026 

4465.975 

S     44.327 

4472.489 

-o.ois 

4471.676 

+0.795 

.53.3 

2 

Ti   45.239 

4481.444 

-0.006 

4481. 4;« 

Ti  48.. 354 

Standard 

±0.000 

4.512.906 

Ti  53.127 

45^3.915 

+0.024 

4.%3.9;59 

S     .53.562 

4.568.742 

+o.6i5 

4.567.950 

+0.807 

53.0 

'»' 

Ti  55.456 

4.590.129 

-0.003 

4590.126 

Ti  61.022 

Standard 

±0.000 

4656.644 

Curvature  Cor.  +0.001  mm. 


Weighted  mean  +  52 . 4 

Va  -24.24 

Va  -    0..30 
Rwluction  to  Sun  — 24.54 

Radial  Velocity  +27.8  km. 


Mean  +52.2 


Sdmmart  of  Measures  of  e  ORIONIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

A  208 
B  228 
B   298 
B  316 

1901,  Sept.      4           +27.5 
Nov.      13          +28.8 

1902,  March  13           +26.2 
April      9          +26.5 

3 
6 
5 
3 

+23  is 
+26.1 
+27.8 

'5 
4 
3 

Mean  +27.2 

Mean  of  4  plates  +26.8  km. 
Mean  of  all  inea.sures  +26.7  km. 


+25.9 


8.      ?  OR  f  OX  IS 
(R.  A.=  5''36"';  Dec.=  -  2'  0';  Mag.  1.9;  Class  W>) 
Five  plates  of  this  star  have  been  measured,  five  by  A.,  and  two  by  F.     The  spoctruin  is  extromdy 
difficult  of  measurement,  the  lines  being  few  in  number,  and  extremely  broad  aiul  ill  drtliunl.     The 
degree  of  accuracy  attained  is  probably  about  the  same  as  in  the  case  of  e  Orionis. 
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1901,  October  3,  G.  M.  T.  20'>  ■42"' 
Hour  ani?le  E  P  56"> 


nJ-RI0NIS~A.2m 
Star  strong;  comparison  good. 


Measured  by  A. 
Power  21 


Moau  of  Settings 

Wave-Li-iieth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  21.3208 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4338.084 

t.  m. 

km. 

S     21.5491 

4340.513 

±0.000 

4340.634 

-0.121 

-   8.4 

2 

Ti  24.0571 

4367.836 

+0.003 

4367.839 

Ti  25.7550 

4387.026 

-0.019 

4387.007 

S     25.8352 

4387.947 



-o.oii 

4388.100 

-0.170 

11. G 

3 

Ti  26.8690 

Standard 

±0.000 

4399.935 

Ti   29.1549 

4427.249 

+0.017 

4427.266 

S     29.9907 

4437.524 

+0.013 

4437.718 

-O.lSl 

12.2 

2 

Ti  32.4466 

4468.655 

+0.008 

4468.663 

S     32.6629 

4471.467 

+O.00G 

4471.676 

-0.203 

13.6 

2 

Ti  33A-230 

Standard 

±0.000 

4481.4.38 

Curvature  Cor.  +0.0002  mm. 


Weighted  mean 


-11. 


Mean  -11.2 


Reduction  to  Sun 
Eadial  Velocity 


'+25.75 
+  14. 3  km. 


!:ORIONIS  — A  263 


Measirred  by  F. 
Power  12 


Ti  31.0582 

S  .31.2891 

Ti  36.6062 

Ti  42.1840 

S  42.4116 

Ti  43.1606 

Ti  49.0647 


Standard 
4340.543 
4399.977 
4468.668 
4471.623 
Standard 
Standard 


±0.000 


-0.042 
-0.005 


±0.0(X) 
±0.000 


-0.002 

-o'.ooi 


4338.084 
4340.  &34 
4.399.935 
4468.663 
4471.676 
4481.4.38 
4563.9.39 


-0.093 
-0.0.57 


-6.4 
3.8 


Cm-vature  Cor.  +0 .  0003  mm. 


Weighted  mean  —5.1 

Va  +25.58 

Vd  +  0.17 
Reduction  to  Sun  +25.75 

Radial  Velocity  +20.8  km. 


Mean  —5.1 


f  ORIONIS—B  429 


1902,  October  23,  G. 

M.  T.  23"  45" 

Measm-ed 

by  A. 

Hour  angle  W  2"  25'" 

Star  good 

;  comparison  weak. 

Power  21 

Ti   21.1865 

Standard 

±0.000 

4.338.084 

S     21.5038 

4340.609 

±0.(X)0 

4.340.6.34 

-0.025 

-1.7 

1 

S     27.2283 

438-/.  981 

±0.000 

4388.100 

-0.119 

8.1 

1 

Ti  28.0G43 

Standard 

±0.000 

4.395.201 

S     ,30.. 3115 

4415.012 

+o.oi)i; 

4415.076 

-0.0.58 

3.9 

1 

Ti  31.6671 

4427.256 

+6.6io 

4427.266 

Ti  36.07.3;^ 

Standard 

±o.ouo 

4468.663 

S     36.3683 

4471.527 

±6. 000 

4471.676 

-0.149 

10.0 

1 

Cm-vatui-e  Cor.  +0 .  ( 

)008  mm.                      ■» 

►Veighted  m 

ean 

—  5.9 

Meai 

1    -5.9 

Va    +21.10 

V,i   —  0.20 
Reduction  to  Sun  +21.20 

Radial  Velocity  +15.3  km. 
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1902.  October  29.  G.  AI.  T.  19^  i" 
Hour  angle  E  1"  52°" 


{OKIOXIS—BiaS 
Star  good;  comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-Lpneth  by 
Formnla 

Correction  to 
Comp.  Linos 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

1  Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

!           t.m. 

km. 

Ti   21..^584 

Standard 

±0.000 

43^S.084 

S     21.6687 

4:}lll  560 

±6.666 

4:M().6.34 

-0.074 

-5.1 

2 

S     24.9074 

4:Jtai.i)9r) 

+0.004 

4:Jf.7.()12 

-0.013 

-0.9 

2 

S      27.4(lt)9 

4:W8.120 

+0.007 

4388.  UK) 

+0.027 

+1.8 

1 

Ti   28.2178 

4.395.193 

+o.66s 

43'.C).-J(I1 

Ti   28.7605 

Standard 

±0.000 

431t9.935 

S     .32.a-»2 

4437 . 701 

+0.015 

44.37.718 

-0.002 

-0.1 

2 

Ti  .n.eia? 

4443.  i)59 

+o.6i7 

4443.976 

Ti   .36.20&1 

44as.670 

-0.007 

4468.6(13 

S     36.51.54 

4471.647 

-6.665 

4471.676 

-0.0.34 

-2.3 

2 

Ti   .37.512:^ 

Standard 

±0.000 

4481. 4;« 

Cuxrature  Cor.  +0.0008  mm. 


Weighted  mean  —  1.6 

Va  +19.67 
Vd  +  0.16 
Reduction  to  Sun  +19.8.3 

Radial  Vekx-itv  +18.2  km. 


Mean  -0.7 


f  O/i/OiV/S— B4.34 


Va  +19.  fie 

V,i  +  0.11 
Reduction  to  Sun  +19.77 

Radial  Velocity  +16.9  km. 


1902.  October  29,  G 

M.  T.  19*  45"' 

Measured 

bvA. 

Hour  angle  E  P  12™ 

Star  good;  comparison 

good. 

Power  21 

Ti   20.1420 

Standard 

±0.000 

4.3.38.084 

S      20.4»>50 

4.340.662 

±0.000 

4:?40.6:M 

+fl.028 

+  1.9 

1 

S      26  162<; 

4.387.943 

-0.003 

4388.  KK) 

-0.1(«J 

-10.9 

1 

Ti    27  ( 1014 

4."»5.205 

-0.004 

43115  -jol 

Ti    27.. 5428 

Standard 

+0.000 

4.3!«t.'.l35 

Ti   .34.!»50 

446^ .  tW2 

-0.019 

4468.  (•.63 

S     .■i5..3(J17 

447I,6<;5 

-0.015 

4471. (;7(i 

-0.026 

-   1.7 

3 

Ti  36.2973 

Standard 

±0.000 

4481. 4:J8 

Curvature  Cor.  +  0.( 

1008  mm.                  W 

eighted  me^ 

n 

-  2.9 

Mean  -3.6 

1902.  October  30,  G.  M.  T.  21"  19- 
Hour  angle  \V  0"  27™ 


f  ORIONIS  — BUI 
Star  strong ;  comparison  good. 


Measiu-ed  by  A. 
Power  21 


Ti  20.. 3207 

Standard 

H-O.OOO 

4.338.084 

S     20.6480 

4.340.692 

±0.000 

4;M0  (>.3l 

+0.058 

+  4.0 

1 

S     26. 36.58 

4.'«M.(X;7 

+0.001 

4:{.Hs,  1110 

-o.o:j2 

—  2.2 

1 

Ti   21  Aim 

4.'{95  200 

+0.001 

4.395.201 

Ti   27.7.33fJ 

Starnliinl 

•  (l.(J(X) 

4.'K)9.9:t5 

Ti  .35  1942 

44(W  (•,7(; 

-0.013 

44(W.(i6:} 

S     .^5.4940 

4471.')89 

-0.010 

4471.676 

-0.097 

-  6.5 

1 

Ti  36.4984 

Standard 

±0.000 

4481.4.38 

Curvature  Cor.  +0.0008  mm. 


We 


1.6 


^hted  mean 

Va  +19.. 31 
V,i    -  0.04 
Rwiuction  to  Sim  +l-*i27 

Radial  Velocity  +17.7  km. 
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i:OEIONIS—Biil 


Measured  by  F. 
Power  12 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Linos 

Correction  to 
Star  Lines 

Normal  Wave- 
Lengtli 

Displacement 

Velocity 

Weight 

Ti   30.1739 

t.  m. 

Standard 

t.  m. 
+0.000 

t.  m. 

t.  m. 

4a38.084 

t.  m. 

km. 

S     30.5197 

4340.840 

±0.000 

4340.634 

+0.206 

+14.2 

1 

Ti  3:3.8288 

4367.844 

-0.005 

4367.839 

S     36.2503 

4388.347 

-0.022 

4388.100 

+0.225 

15.4 

1 

Ti  37.5895 

4399.968 

-0.033 

4399.935 

S     39.5276 

4417.155 

-0.026 

4417.121 

+0.008 

0.5 

2 

Ti  39.6117 

4417.910 

-0.026 

4417.884 

Ti  45.0495 

Standard 

±0.000 

4468.663 

S     45.3616 

4471.692 

±0.000 

4471.676 

+0.016 

1.1 

2 

Ti  54.9951 

Standard 

±0.000 

4572.1.56 

Curvature  Cor.  +0.0013  mm. 


Weighted  mean  + 

Va    +19.31 
Vd  ^  0.04 

Keduction  to  Sun 

Radial  Velocity 


5.5 


+19.27 
+24.7  km. 


SnMMARY  OF  Measures  of  t^ORIONIS 


Mean 


+16. 


+22.7 


Mean  of  5  plates   +17.8  km. 
Mean  of  all  measures   +18.3  km. 


Mean  +7.8 


Plate 

•   Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

A  263 
B429 
B4a3 
B434 
B441 

1901,  Oct.    3 

1902,  Oct.  23 
Oct.  29 
Oct.  29 
Oct.  30 

+14.3 
+15.3 
+18.2 
+16.9 

+17.7 

4 
4 
5 
3 
3 

+20.6 
+24 '7 

2 
'4 

9.  K  ORIONIS 
(R.  A.=  5"  43"-;  Dec-  9"  42  ;  Mag.  2.2;  Class  lla) 
Seven  plates  of  the  spectrum  of  this  star  have  been  measured,  seven  by  A.,  and  three  by  F.    The 
spectrum  is  one  of  the  most  difficult  of  measurement  of  any  we  have  encountered,  all  the  lines  being 
very  broad  and  diffuse.     Traces  of  a  few  oxygen  lines  appear. 


1901,  September  20,  G.  M.  T.  22''  13- 
Hour  angle  E  P  23'" 


K  ORIONIS— \  244 
Star  good  ;  comparison  good. 


Measured  by  A. 
Power  21 


Ti  18.0699 

Standard 

±0.000 

4.338.084 

S     18.. 3024 

4.340.560 

-0.001 

4,340.  &34 

-0.075 

-  5.2 

1 

S     19.2999 

4,351.296 

-0.009 

4351.495 

-0.208 

14.3 

1 

S     22.5847 

4.387.979 

-0.0.31 

4388.100 

-0.152 

10.4 

1 

Ti  23.2128 

4.395.2:37 

-0.0.36 

4395.201 

Ti  27.2579 

Standard 

±0.000 

4443.976 

Ti  29.1978 

4468.656 

+0.007 

4468.663 

S     29.41.33 

4471.452 

+0.008 

4471.676 

-0.216 

14.5 

1 

Ti  35.. 3084 

4552.. 591 

+0.041 

4552.632 

S     35.3104 

4552.620 

+6.041 

4552.750 

-0.089 

5.9 

2 

Ti  36.0815 

Standard 

±0.000 

4563.939 

Curvature  Cor. +  0.0001  mm. 


Weighted  mean  —  9.3 

Va  +24.79 
Vd   +  0.12 
Reduction  to  Sun  +  24 .  91 

Radial  Velocity  +15.6  km. 
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KOEIONIS  —  B-m 


Measured  by  F. 
Power  12 


Mean  of  Settings 

Wave-LeoKth  by 
Formiua 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Ware- 
Length 

Displacement 

Velocity 

Weight 

mm. 
Ti  28.9995 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4338.084 

t.  m. 

km. 

S     29.2247 

4340.480 

-6.662 

4:^40.  &S4 

-0.156 

-10.8 

1 

S     33.5033 

4:«7.817 

-0.040 

4.388.100 

-0.32;i 

-22.1 

2 

Ti  34.1468 

4:»5.247 

-6.046 

4.395.201 

Ti  40.1331 

Standard 

±0.000 

4468.66.3 

S     40.3438 

4471.397 

+0.006 

4471.676 

-0.273 

-18.3 

2H 

Ti  41.1082 

4481.409 

+6.029 

4481. 4:i8 

Ti  46.2430 

4552.632 

±0.000 

4552.  &32 

S     46.2533 

4552.753 

+0.003 

4552.750 

+0.003 

+  0.2 

1 

Ti   47.0149 

Standard 

±0.000 

4563.939 

S     47.2816 

4567.896 

-0.011 

4567.950 

-0.065 

-  4.3 

1 

Ti  47.5686 

4572.179 

-0.023 

4572.156 

Curvature  Cor.  +0.0003  mm. 


Weighted  mean 

r„    +24.79 
Td    +  0.12 

Rfduction  to  Sun 

R;.(lial  Velocity 


-14.0 


Mean    -11.1 


+24.91 


1901,  September  26.  G.  M.  T.  21"  26" 


K  ORIOXIS 


+10.9  km. 
A  250 


Measured  bv  A. 


Hour  angle  E  P50° 

St 

ar  fair;  comparison  rath 

er  strong. 

Po 

ver  21 

Ti  37. 3388 

Standard 

±0.000 

4387.007 

Ti  .38.4583 

4.399.949 

-0.014 

4.399.935 

S     39.7340 

4415.011 

-0.017 

4415.076 

-0.082 

-5.6 

1 

Ti  40.7524 

4427.285 

-6.6i9 

4427.266 

S     41.5941 

4437.590 

-0.022 

4437.718 

-0.144 

9.7 

1 

Ti   42.5370 

4449. 339 

-0.026 

4449.313 

S     44.2&58 

4471.661 

-0.008 

4471.676 

-0.023 

1.5 

1 

S     45.0288 

4481.. 36C 

±0.000 

4481.400 

-0.034 

2.3 

1 

Ti  45.0343 

Standard 

±0.0U) 

4481.4.38 

Ti  50.9555 

4.T&3.889 

+0.030 

4.563.9.39 

S     .51.2177 

4.5C7.764 

+0.043 

4567.950 

-0.143 

9.4 

1 

Ti  52.7046 

Standard 

±0.000 

4590.126 

Curvature  Cor.  +  0.0001  mm. 


1901.  October  17,  G.  M.  T.  19"  24- 
Hour  angle  E  2"  .Si" 


Weighted  mean 

Va  +24.55 

Vd  +  0.16 
Reduction  to  Sun 
Radial  Velocity  +19.0  km. 


Mean  —5.7 


+24.71 


K  ORIOXLS  — B19G 
Star  good;  comparison  strong. 


Measuretl  by  A. 
Power  24 


Ti  16.S.'r2J 

Stan.l.ir.l 

.11  iim 

4338.084 

S     17. 11^; 

i:;ii)..>7 

-0.001 

4.340.634 

-0.048 

-  3.3 

1 

S     22.9a'« 

4.'«7.966 

-0.013 

4388.100 

-0.147 

-10.0 

1 

Ti   23.7479 

4.305.216 

-0.015 

43{»5.201 

Ti  29.7642 

Standard 

±0.000 

4449.313 

Ti  .31.8021 

ummi 

+0.002 

44(«.6(J3 

S     .32.1fJ(i4 

4471  626 

+0.002 

4471.076 

-0.048 

-  3.2 

3 

S     .3:1.11.56 

4481.424 

±0.000 

4481. 4(J0 

+0.024 

+  1.6 

2 

Ti  .36.2562 

4512.913 

-0.007 

4481,438 

Ti  40  0244 

4.552.615 

+0.017 

4552.ft'i2 

S     40.02&4 

4552.669 

+0.017 

4552.750 

-0.064 

-  4.2 

2 

Ti  41.0622 

Standard 

±0.000 

4563.939 

Curvature  Cor.  +  0.0002  mm. 


Weightwl  metin  —  3.2 

Va  +21.65 
Va  +  0.21 
RMluction  to  Sun  +21^ 

Riidial  Velocity  +18.7  km. 
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1901,  October  23,  G.  M.  T.  19"  26'^ 
Horn-  anele  E  2''  1"' 


K  ORION  IS— A  274 
Star  slightly  weak;  comparison  good. 


Measured  by  A. 
Power  25 


Mean  of  Settings 

Wave-LenRth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Lengtti 

Displacement 

Velocity 

Weight 

S     25.3793 
Ti  25.9954 
S     27.6771 
Ti  27.9227 
Ti  31.9962 
S     32.2265 
Ti  38.8937 

t.  m. 

4388.096 
Standard 

4414.992 

4417.933 
Standard 

4471.646 
Standard 

t.  m. 

±6.6(JO 

-6!  049 
±0.000 

±6'.  666 

t.  m. 
±0.000 

-o'.oi'i 

±6'.6oo 

t.  m. 
4388.100 
4395.201 
4415.076 
4417.884 
4468.663 
4471.676 
45G3.939 

t.  m. 
-0.004 

-0.126 
-0.0.30 

km. 
-0.3 

8.6 
2.0 

1 

1 

2 

Curvature  Cor.  +0.0002  mm. 


1901,  October  31,  G.  M.  T.  20"  24" 
Horn-  angle  E  0"  31"' 


Weighted  mean  —  3.2 

Va  +20.27 
Vd  +  0.17 
Reduction  to  Sun 
Radial  Velocity 


"+20.44 
+17.2  km. 


K  ORIONIS—A  285 
Star  good;  comparison  good. 


Curvature  Cor.  +0.0010  mm. 


Weighted  mean  —0.6 

Va  +18.06 
Vd  +  O.ftt 
Reduction  to  Sun  +18.10 

Radial  Velocity  +17.5  km. 
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Mean  -3.6 


Measured  by  A. 
Power  21 


S     22.9041 

4,340.626 

±0.000 

4.340.6.34 

-0.008 

-0.6 

1 

Ti   23.2617 

Standard 

±6.(X)6 

4.344.451 

S     25.3370 

4.367.114 

-0.042 

4,367.012 

+0.060 

+4.1 

1 

Ti  25.4059 

4.367.881 

-0.042 

4,367.839 

Ti  27.1045 

4387.067 

-0.060 

4387.007 

S     27.1997 

4.388.159 

-b.ooo 

4388.100 

-0.001 

-0.1 

1 

Ti  31.0726 

44.34.195 

-0.027 

44.34.168 

S     31.3647 

4437.799 

-0.0.30 

44.37.718 

+0.0.51 

+3.4 

2 

Ti  32.2905 

4449.. 349 

-6.6.36 

4449.. 313 

Ti  33.5961 

Standard 

±0.000 

4465.975 

S     34.0413 

4471.737 

-0.009 

4471.676 

+0.0.52 

+3.5 

2 

Ti  34.7844 

4481.462 

-6.624 

4481.438 

Ti  .39.9215 

4552.. 599 

+0.03;5 

4552.632 

S     .39.9269 

45.52.677 

+0.0.33 

4552.750 

-0.040 

-2.6 

2 

Ti   40.6932 

4563.914 

+0.025 

4563.939 

S     40.9627 

4567.906 

+0.019 

4567.950 

-0.025 

-1.6 

2 

Ti  42.4.365 

Standard 

±0.000 

4590.126 

S     42.4965 

4591.045 

±0.000 

4591.066  ■ 

-0.021 

-1.4 

2 

Curvature  Cor.  +0.t 

)005  mm.                    \ 

Veighted  mean                  +0.5 

Mean +  0.6 

Va    +18.06 

T',,    +0.04 

Re 

ductiontoSun                   +18.10 

Ra 

dial  Velocity                      +18.6   km. 

K0RI0NIS—A2Sb 

Measured  by  F. 
Power  12 

Ti  29.9a33 

4338.076 

+0.008 

4.338  084 

S     30.1773 

4.340.7.39 

+0.005 

4340.6.34 

+0.110 

+7.6 

1 

Ti  30.5,306 

Standard 

±6.666 

4344  451 

Ti   34.3743 

4387.069 

-0.062 

4387.007 

S     .34.4627 

4.388.083 

-0.061 

4388.100 

-0.078 

-5.3 

2 

Ti  40.8675 

4465.978 

-0.003 

4465.975 

S     41.3154 

4471.774 

+0.002 

4471.676 

+0.106 

+7.1 

2 

Ti   42.0540 

Standard 

±0.000 

4481.438 

Ti   47.1927 

4552.572 

+0.060 

4552.632 

S     47.19.32 

4552.579 

+0.060 

4552.750 

-0.111 

-7.3 

3 

Ti  51.8296 

4623.251 

+0.028 

4623.279 

Ti  52.2205 

Standard 

±0.000 

4629.521 

S     52.2994 

4630.792 

±0.000 

4630.703 

+0.089 

+5.8 

1 

Mean +1.6 
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Radial  Velocities  of  Twenty  Stabs 


1902.  March  13.  G.  M.  T.  14"  29°> 
Hour  angle  W  2"  W 


KORIOXIS  —  B291 
Star  good;  comparison  good. 


Measurcnl  by  A. 
Power  17 


Mean  of  Settings 

Wave-Leneth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

S     21.8680 

4.367.614 

±0.000 

4367.012 

+0.602 

+41.3 

1 

Ti  21.8949 

Standard 

±0.000 

4.367. 8;» 

Ti  24.16(6 

4387.044 

-0.037 

4:«7.0O7 

S     24.3606 

4.388.767 

-0.037 

4.388.100 

+0.6,30 

43.1 

1 

Ti  33.0949 

Standard 

±0.000 

4468.063 

S     33.4630 

4472.243 

±0.000 

4471.676 

+0.567 

38.0 

2 

Ti  .34.. 3997 

4481.4,37 

+0.001 

4481.4,38 

S     34.4740 

4482.172 

+0.001 

4481.400 

+0.773 

51.7 

1 

Ti  41.2577 

4552.608 

+0.024 

4552.632 

S     41.3312 

45.53.410 

+6.024 

4552.750 

+0.684 

45.0 

2 

Ti  43.0268 

4.572.147 

+0.009 

4572.156 

S     43.. 3334 

4575.586 

+0.009 

4574.900 

+0.693 

45.4 

1 

Ti  44.6144 

Standard 

±0.000 

4590.126 

S     45.2168 

4597.061 

±0.000 

4590.291 

+0.770 

50.2 

1 

Curvature  Cor.  +0.0008  mm. 


1902,  April  9,  G.  M.  T.  1.3''  47" 
Hour  angle  W  3"  21'" 


Weighted  mean 

Va  -25.(M 
Vd  -   0.19 
Reduction  to  Sun 


+44.2 


Radial  Velocity 


-25.23 
+  19. 0km. 


kORIONIS— B  315 
Star  good  ;  comparison  good. 


Mean +  45.0 


Measured  by  A. 
Power  17 


Ti  19.6236 

Standard 

-4-0.000 

4338.084 

S     20.0091 

4.341.163 

-0.002 

4340.634 

+0.527 

+,36.4 

S     21.1.303 

4.3.50.203 

-0.007 

4.349.541 

+0.655 

45.2 

Ti  26.4865 

4.395.234 

-0.033 

4.395.201 

S     29.03a5 

4417.825 

-0.051 

4417.121 

+0.653 

44.3 

Ti   29.0507 

4417. 9.a5 

-0.051 

4417.884 

Ti  :uAim 

Standard 

-0.000 

4408.66;^ 

S      -.'A   si-2\ 

4472.193 

+0.007 

4471.676 

+0.,524 

35.1 

Ti  .-!.-.  TM;i 

Usl.414 

+6.024 

4481.4.38 

S     -s.  -:;•■.'. 

llsl   <)73 

+0.024 

4481.400 

+0.597 

40.0 

Ti  4:i  i;4i:. 

4.V)2..-)82 

+6.656 

4,552.  &32 

S     42  7170 

4.V);!.4(X3 

+0.050 

4.5,52.750 

+0.706 

46.5 

Ti  4:i.t;7o.'j 

4.')<;:!.884 

+6.655 

4.5a3.9,39 

S     46.1285 

4.591.592 

+0.037 

4591.066 

+0.563 

36.8 

Ti  48.. 34.30 

Standard 

±0.000 

4617.452 

Cunature  Cor.  +0.0008  mm. 


Weighted  mean 

Va 

r,i 

Reduction  to  Sun 
Radial  Velex'ity 


-22.86 
-  0.26 


+  39.6 


-23.12 


+  16.5  km. 


K  oniOMH  -B  315 


Curvature  Cor.  +  0.0013  mm. 


Weighted  mean 

Vn 
V.l 

Reduction  to  Sun 
Riidiul  Velocitv 


+  41.4 


Mean  +40.6 


Measured  by  F. 
Power  12 


Ti  :>■'!:  " 

Standard 

±0.000 

4,338.084 

S    :>!  ii««i 

4.311.189 

±0.000 

4.340.  &34 

+0.5.55 

+,38.3 

1 

Ti  .36.8714 

4.395.214 

-0.013 

4.395.201 

Ti  44.8695 

Standard 

±0.000 

44(«.6(i3 

S     45.24.35 

4472.. ■«J(J 

+0.006 

4471.676 

-HI<>-'!0 

42.2 

3 

n  46.1721 

4481.413 

+0.025 

4481. 4;J8 

S     46.2.'J75 

4482. 0a3 

+0.024 

4481.400 

+0.6a3 

45.7 

1 

Ti   5.3.U'l31 

4,5.52.627 

+0.005 

4.5.52.  &32 

S     .53.0908 

4.553.. 322 

+0.005 

4.5,52.7,50 

+0.577 

.38.0 

1 

Ti  .54.0610 

4.5f;3.923 

+0.016 

4.5&3.9.39 

S     54.4791 

4568.. 568 

+0.007 

4567.950 

+0.625 

41.0 

2 

Ti  54.8003 

Standard 

±0.000 

4572.156 

Mean  +41.0 
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Summary  of  Measures  of  k  ORIONIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

A  244 

1901,    Sept.  20 

+15.6 

5 

+10.9 

5 

A  250 

Sept.  26 

+19.0 

5 

B196 

Oct.   17 

+18.7 

5 

A  274 

Oct.   2.3 

+17.2 

3 

A  285 

Oct.   31 

+18.6 

8 

+17.5 

5 

B297 

1902,  March  13 

+19.0 

7 

B315 

April      9 

+16.5 

7 

+i8.2 

5 

Mean         +17.8 

Meau  of  7  plates  +17.5  km. 
Mean  of  all  measures  +17.1  km. 


+15.5 


10.  /3  CANIS  MAJORIS 
(K.  A.=6''  IS";  Dec.=  -17=5i  ;   Mag.  2.0;  Class  Ilia) 
Three  plates  of  this  star  have  been   measured,  two  by  A.,  and  three  by  F.     Numerous  lines  of 
oxygen  and  nitrogen  are  present  in  the  spectrum  in  addition  to  the  regular  Orion  lines,  and  all  are 
narrow  and  well  defined  in  character. 


1901,  October  31,  G.  M.T.2P35" 
Hour  angle  W  0"  9'" 


^  CANIS  MAJORIS  -  A  287 
Star  fair;  comparison  good. 


Measured  by  A. 
Power  25 


Mean 

of  Settinn 

Ti 

20.5223 

S 

20.65.39 

s 

21.02:30 

8 

21 . 1914 

S 

22.60a5 

Ti 

22.6645 

Ti 

26.4383 

S 

26.77.35 

S 

26.9511 

Ti 

26.9959 

Ti 

30.8.583 

S 

31.. 3058 

Ti 

32.0405 

Ti 

.37.1801 

S 

37.2029 

Ti 

.37.9534 

S 

38.2383 

Ti 

.38.. 5072 

K 

.38.7063 

Ti 

39.6951 

Ti 

41.4542 

S 

42.2972 

S 

42.81:30 

s 

42.9915 

s 

43.5.376 

Ti 

43.8696 

Ti 

44.5340 

S 

45.0520 

Standard 
4.345.866 
4.349.850 
4:5.51.676 
4.367.197 
4.367.876 
4411.311 
4415.310 
4417.438 
4417.976 
4466.035 
4471.956 

Standard 
4552.558 
4552.890 
4563.885 
4568.101 
4.572.103 
4.575.080 
4.590.041 
4617.406 
4630.872 
46.39.228 
4642.140 
4651.119 
4656.628 

Standard 
4676.563 


Correction  to 
Comp.  Lines 


±0.000 


-0.037 
-0.071 


-0.092 
-0.060 


±0.000 
+0.074 


+0.054 
+6.05.3 


+0.085 
+0.046 


+0.016 
±0.000 


1. 1 


-0.002 
-0.008 
-0.011 
-0.036 


-0.083 
-0.090 


-0.0.37 

+6'.  074 
+6,653 
+6.056 


+0.0.36 
+0.029 
+0.027 
-1-0.020 


±0.000 


Normal  Wave- 
Length 


4.344.4.51 
4.345. 677 
4.349.. 541 
4:i51 .  495 
4.367.012 
4.367.8.39 
4411.240 
4415.076 
4417.121 
4417.884 
4465.975 
4471.676 
4481.438 
45.52.6.32 
45.52.750 
4563.9,39 
4.567.950 
4.572.156 
4574.900 
4590.126 
4617.4.52 
46.30.703 
46.38.9.37 
4641.886 
4650.925 
4656.644 
4667.768 
4676.290 


Displacement 


+0.187 
+0.,301 
+0.170 
-1-0.149 


+0.1.51 
+0.227 


+0.243 

+0.214 
+0.204 
+0.236 


+0,205 
-|-0,.320 
+0.281 
+0.214 


+0.273 


km. 

+12.9 
20.7 
11.7 
10.2 


10.3 
15.4 


16  3 

14.1 
13.4 
15.5 


13.3 

20  7 
18.2 
13,8 


Curvature  Cor.  +0.0005  mm. 


Weighted  mean 

Vc 

r„ 

Reduction  to  Sim 
Radial  Velocity 


+18.84 
—  0.01 


+14.7 

'+18.83 
+33.5  km. 


Mean+14.9 
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Radial  Velocities  of  Twenty  Stars 


p  CAXIS  MAJORIS  —  A281 


Measured  by  F. 
Power  12 


Mean  of  Settings 

Wave-Len^h  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

S     30.9422 

4367.190 

±0.000 

4367.072 

+0.118 

+  8.1 

1 

Ti   31.0005 

Standard 

±0.000 

4367.839 

Ti  32.7005 

4.387.060 

-0.053 

4387.007 

S     32.8075 

4.T88.289 

-0.052 

4388.100 

+0.137 

9.4 

2 

S     35.1105 

441.^>..>)6 

-o.oeo 

4415.076 

+0.170 

11.5 

2 

S     K.2828 

4417.;!72 

•    -0.061 

4417.121 

+0.190 

12.9 

1 

Ti  35.3308 

4417.945 

-0.061 

4417.884 

Ti  39.1925 

4406.018 

-0.043 

4465.975 

S     39.6468 

4471.900 

-0.028 

4471.676 

+0.196 

13.1 

2 

Ti  40.3755 

Standard 

^0.000 

4481.438 

S     40.3815 

4481.517 

±6.666 

4481.400 

+0.117 

7.8 

1 

Ti  45.5175 

4552.620 

+0.012 

4552.632 

S     45.5428 

4552.988 

+0.012 

4552.750 

+0.250 

16.5 

3 

Ti  46.2862 

4563. 8a3 

+0.056 

4563.939      . 

S     46.5748 

4568.156 

+6.027 

4567.950 

+0.233 

15.3 

2 

Ti  46.84.» 

4.572.149 

+0.007 

4572.156 

S     47.0142 

4575.1.59 

+0.006 

4574.900 

+0.265 

17.4 

1 

Ti  48.0330 

Standard 

±0.000 

4590.126 

S     48.4478 

4596.494 

+0.001 

4596.291 

+0.204 

13.3 

1 

Ti  49.7885 

4617.445 

+O.007 

4617.452 

Weighted  mean  +12 . 9 

Curvature  Cor.  -  0.71 

Va  +18.84 
V,i-  0.03 
Reduction  to  Sun 
Radial  Velocity 


+18.81 


Mean +  12.5 


+31.0  km. 


1901,  November  1,  G.  M.T.  21'-  26° 
Hour  angle  W  0^  3"' 


p  CAXIS  MAJORlS-\  293 
Star  fair;  comparison  good. 


Weighted  mean 
Curvature  Cor. 


+  17.1 
-  0.86 


V„   +18.63 

V,t        0.(K) 
Re<luction  to  Sun  +18.63 

Radial  Velocity  +34.8  km. 
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Measured  by  F. 
Power  17 


Ti  27.1717 

Standard 

r  0.000 

4.338.084 

S    27.42.56 

4.310.791 

-0.005 

4340.634 

+0.152 

10.5 

1 

S    .31.7221 

4.388.419 

-0.062 

4388.100 

+0.257 

17.6 

2 

Ti  .32.. 3148 

4:i95.270 

-0.069 

4395.201 

7'i.32.72(J0 

4.399.998 

-0.063 

4399.935 

S    .34.0175 

4115. .363 

-0.064 

4415.076 

+0.223 

15.2 

2 

S    .31.1961 

iiii.rm 

-0.063 

4417.121 

+0.319 

21.0 

1 

ri  .34.2324 

4117.9.39 

-0.055 

4417.884 

Ti3r>.(mi 

4127.. 332 

-0.066 

4427.266 

r/. 38.. 3000 

4108.095 

-0.0.32 

4468.663 

S    .38..->496 

4171.9.% 

-6.666 

4471.676 

+0.251 

16.8 

2 

Ti  .39.27.52 

Standard 

±0.000 

4481.4.38 

TJ  44.4088 

4.5.52.. 5.52 

+0.080 

4.5.52.632 

S    44.4.375 

4.5.52.971 

+0.062 

45.52.750 

+0.286 

18.8 

4 

Ti  45.1813 

irm.mi 

+0.tt58 

4.563.9,39 

S    45.47(6 

15<i8.109 

+0.067 

4.567.950 

+0.286 

18.8 

3 

Ti  45.7.344 

4572.099 

+0.tt57 

4.572.156 

S    46.ti9a3 

4.591.222 

+0.064 

4591.066 

+0.220 

14.4 

2 

Ti  48.6788 

1017.110 

+0.036 

4617.4.52 

S    .50.0322 

4639.181 

+0.025 
+0.011 

4639.206 

+0.260 
+0.184 

10.8 

2 

S    50.6.5.55 

KJ49.113 

4649.424 

11.9 

2 

Tt  .51.0913 

Standard 

±0.000 

4656.044 

Mean +  16.2 
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/3  CANIS  MAJORIS—B  215 
1901,  November  7,  G.  M.  T.  21"  00- 
Hour  angle,  E  0''  8""  Star  weak;  comparison  slightly  weak. 


Measured  by  A. 
Power  21 


Mean  of  Settiugs 

Wave-Length  by 
Formula 

Correction  to 
Comp,  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  15.9494 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4313.034 

t.  m. 

km. 

S    16.5293 

4317.457 

-0.a)5 

4.317.272 

+0.180 

+12.5 

2 

S    16.8567 

4319.969 

-0.007 

4319.762 

+0.200 

13.9 

V, 

Ti  19.1827 

4:j:i8.i08 

-0.024 

4.338,084 

S    19.5305 

4340.866 

-0.036 

4.340.6.34 

+0.196 

13.5 

V, 

S    20.6401 

4349.745 

-0.050 

4349.541 

+0.154 

10.6 

1 

S    20.8818 

4351.696 

-0.052 

4.351.495 

+0.145 

10.3 

V. 

S    22.7898 

1367.308 

-0.083 

4.367.012 

+0.213 

14.6 

H 

Ti  22.8641 

4367.923 

-0.084 

4367.839 

Ti  27.9241 

4411.280 

-0.040 

4411.240 

S    28.3726 

4415.264 

-6.6.34 

4415.076 

+0.154 

10.5 

2 

S    28.6063 

4417.349 

-0.031 

4417.121 

+0.197 

13.4 

1 

S    30.8757 

44.37.941 

+o.a)i 

4437.718 

+0.224 

15.1 

1 

Ti  31.5267 

4443.966 

+0.010 

4443.976 

Ti  34.1367 

Standard 

±0.000 

4468.663 

S    34.4710 

4471.890 

+o.a)3 

4471.676 

+0.217 

14.6 

1 

Ti  35.4497 

4481.428 

+0.010 

4481.438 

S    42.3849 

4552.929 

+0.105 

4552.7.50 

+0.284 

18.7 

2 

Ti  42.6262 

4555.548 

+0.114 

4555.662 

Ti  43.3830 

4563.823 

+0.116 

4563.939 

S    43.7684 

4568.072 

+0.114 

4.567.9.50 

+0.236 

15.5 

3 

n-  44.1265 

4572.043 

+0.113 

4.572.1.56 

Ti  45.7245 

4590.020 

+0.106 

4.590.126 

S    45.8308 

4591.232 

+6.164 

4.591.066 

-0.270 

17.6 

1 

S    46.2829 

4596.405 

+0.099 

4596.291 

- -0.213 

13  9 

M 

Ti  48.0837 

4617.366 

+0.086 

4G17.4.52 

Ti  48.5765 

4623.203 

+0.076 

4623.279 

S    49.2176 

4630.863 

+0.063 

46.30.703 

+0.223 

14.4 

M 

S    50.1463 

4642.096 

+0.044 

4641.886 

+0.254 

16.4 

% 

S    50.7505 

4649.491 

+0.029 

4649.2.50 

+0.270 

17.4 

2 

Ti  51.3287 

4656.634 

+0.010 

4656.644 

S    51.7620 

4662.029 

+0.006 

4661.728 

+0.307 

19.7 

H 

Ti  52.2197 

Standard 

±0.000 

4667.768 

Curvature  Cor. +0.0007  mm. 


Weighted  mean 

Va 

Va 
Reduction  to  Suu 
Radial  Velocity 


+17.24 
+  0.01 


+  14.7 


Mean +14.6 


+17.25 
+  32. 0km. 


^  CAN  IS  MAJORIS  —  B  215 


Measured  by  F. 
Power  12 


S    29.9290 

4367.244 

±0.000 

4367.072 

+0.172 

+11.8 

1 

Ti  .30.0008 

Standard 

±0.000 

4.367.8.39 

Ti  .32.2802 

4,387.024 

-0.017 

4.387.007 

S    32.4325 

4.388.327 

-6  6i5 

4388.  KJO 

+0  212 

14  5 

1 

S    35.5175 

4415.274 

-0.026 

4415.076 

+0.172 

11.7 

3 

S    .35.7475 

4417.327 

-0.0,32 

4417.121 

+0.174 

11.8 

2 

Ti  35.8135 

4417.918 

-0  0.34 

4417.884 

Ti  41.2755 

4468.650 

+0.013 

4468.663 

S    41.6092 

4471.874 

+0.010 

4471.676 

+0.208 

13.9 

2 

Ti  42.5900 

Standard 

±0.000 

4481. 4;58 

S    42.5958 

4481.498 

±0.000 

4481. 4(X) 

+0.098 

6.6 

1 

n- 43.. 3002 

4488.445 

+0.048 

4488.493 

n  49.4875 

4.552  .585 

+0.047 

45.52.6.32 

S    49.. 5212 

4552.951 

+0.047 

45.52.7.50 

+0.248 

16.3 

3 

Ti  50  52.30 

45&3.894 

+0.045 

4563.939 

S    50  9108 

4.568.173 

+o.oa5 

4.567.9,50 

+0.258 

16.9 

2 

n- 51.2672 

4.572.128 

+0.028 

4.572.156 
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Radial  Velocities  of  Twenty  Stabs 


p  CANIS  MAJORIS— B  215— Continued 


Mean  of  Settings 

Wave-LenKth  by 
FormaJa 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weisht 

S    51.5355 
Ti  52.8655 
S    52.9748 
S    53  4240 
Ti  55.2248 

t.  m. 
4575  120 
Standard 
4.591  .372 
4.'>9»>..")18 
4617.499 

t.  m. 
±6!666 

-6!  047 

t.  m. 
+0.023 

-o.im 

-0.011 



t.  ni. 
4574.900 
4590.156 
4591. 0«>«! 
4.5!»<i  -"il 
4617.4.V2 

t.  m. 
+0.243 

+0.304 
+0.216 

km. 
+15.9 

19.8 
14.1 

Curvature  Cor.+0 .  0010  mm. 


Weighted  mean 

+17.24 
+  0.01 

+14.2 

Reduction  to  Sun 

+17.25 

Radial  Velocity 

+31. 4km 

Mean +13.2 


SlMMARY   OF   ME.\SrRES  OF  p  CANIS  MAJORIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

A  287              1901,  Oct.  31 
A  293                        Nov.  1 
B  215                       Nov.  7 

+33.5 
+32!6 

15 

is 

+31.0 
+34.8 
+31.4 

10 
10 
11 

Mean  +32.8  +32.4 

Mean  of  3  plates  +32.9 km. 
Mean  of  all  measures  +32.6  km. 


11.     e  CAXIS  MAJORIS 
(K.  A.=6''55";  r)ec.=  -28'  50  ;  Mag.  1.5;  Class  IIIo) 
Three  plates  of  this  star  have  been  measured,  two  by  each  observer.     The  sj)ectrum  is  very  similar 
to  that  of  /3  Cam's  Majoris,  but  the  oxygen  and  nitrogen  lines  are  slightly  more  diffuse  in  character. 


llKll,  Novemlier  7,  G.  M.  T.  21"  SI" 
Hour  angle  W  0"  S"" 


(CAMS  MA.IOlilS     B2HJ 
Star  good;  comparison  fair. 


Measured  by  A.  with  Zeiss  Comparator 
Po\v(>r  20 


Mean  of  Settinc- 

w  . .    -Lcnoth  by 

Correction  to 
Comp.    Lines 

Correction  to 
Star  Linos 

Normal  Wqvc- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

I     n. 

km. 

Ti   64.9697 

Standard 

±0.000 

4.3.38.084 

S     &i.(tW, 

4.345.798 

-0.008 

4.'M5 .677 

+0.1  l.t 

+  7.8 

2 

S     63.0142 

4:M9.7.54 

-0.012 

4.-w;»..-.ii 

+0.201 

13.9 

2 

S      61..'iH.-.« 

4.367.214 

-0.030 

4.'i<;7.01-J 

+0.162 

11.1 

1 

Ti    ei.'iriTO 

4:t07.869 

-0.030 

4;«i7.a't!) 

S      .58.H')7() 

4.'J8.S.247 

-0.048 

4.'iHH.l()() 

+0.099 

6  8 

1 

Ti   57. Ml.-. 

\:UK'.f.n 

-0.059 

4.3!Ht.!»:r> 

S      .55.8182 

4415.2.36 

-0.062 

4415.076 

+0.098 

6.7 

2 

S     55. 5866 

4417. .311 

-0.062 

4417.121 

+0.128 

8.7 

2 

Ti   55. 51.58 

4417.946 

-0.062 

4417. S84 

S     53.3280 

44.37.891 

-6. 614 

44.37.718 

+0.1.59 

10.7 

2 

Ti   52.6732 

Standard 

±6.()06 

4443.976 

Ti   50.0722 

4468.693 

-o.a3o 

44()H  (i(l3 

S      49.74.30 

4471.886 

-6.626 

1171   (iTI! 

+0.1flf) 

12.7 

3 

Ti    48.7676 

4.381.4.31 

+0.007 

llsi   i:w 

S     48.7.579 

4481.. 527 

+0.007 

llsl    lU) 

+u.i:m 

9() 

1 

Ti    41.8927 

4.562.600 

+0.032 

4.V.2.t;i2 

S     41.8694 

4.552.8.54 

+0.032 

4.552.7.50 

+0.136 

9.0 

1 
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e  CANIS  MAJOJilS-B  216— t'o)i//»Hed 


Mean  of  Settings 

Wavp-Lencth 
by  Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wavo- 
Length 

Displacement 

Velocity 

Weight 

Ti   40.8595 
S     40.4787 
Ti   40.1182 
S     39.8528 
Ti   38.5281 
S     38.4293 

t.  m. 
4563.924 
4568.142 
4572.157 
4575.126 
Standard 
4591.277 

t.  m. 
+0.015 

-o'.ooi 

±6. 000 

t.  m. 

+6!666 
-o'.ooi 

iO^OOO 

t.  m. 

45a3.939 

4567.950 
4572.156 
4574.900 
45a).  126 
4591.066 

t.  m. 
+0.198 
+0.225 
+0.211 

km. 
13.0 
15.0 
13.8 

3 

2 

1 

Ciu-vature  Cor.  -  0 .  OOO'J  mm. 


^Yeighted  mean 

y„ 

Keduction  to  Sun 
Radial  Velocity 


+16. 
-   0.01 


+11.0 


+16.74 

+27.7  km. 


Mean +10.6 


(  CAXIS  MAJORIS^B  451 


1902,  November  6,  G.  M.  T.  21"  47"- 

Measured  bv  A. 

Hour  angle  O*"  0"^ 

Star  good : 

comparison  gtxxl. 

Power  21 

Ti   20.2279 

Standard 

^0.000 

4338.084 

S     20.5550 

4340.695 

-0.002 

4340.634 

+0.059 

+  4.1 

2 

S     21.1916 

4.345.819 

-0.006 

4345.677 

+0.136 

9.4 

1 

Ti    23.8748 

4.367.863 

-0.024 

4367.839 

S     26.2804 

4.388.287 

-0.016 

4388.100 

+0.171 

11.7 

2 

Ti   27.0796 

4.395.215 

-o.oii 

4395.201 

Ti   27.6206 

4399.947 

-0.012 

4399.9.35 

S     29.a356 

4415.173 

-0.021 

4415.076 

+X076 

5.2 

2 

S     29.5728 

4417.306 

-0.022 

4417.121 

+0.1&3 

11.1 

2 

Ti   29.6393 

4417.906 

-0.022 

4417.884 

Ti   30.6720 

4427.282 

-0.016 

4427.266 

S     31.8242 

4437.899 

-0.008 

44,37.718 

+0.173 

11.7 

2 

S     32.8231 

4447.239 

-0.002 

4447. 1&3 

+0.074 

5.0 

1 

Ti   a3.0430 

Standard 

-1-0.000 

4449.. 313 

Ti   35.0637 

4468.662 

+0.001 

4468.663 

S     35.3911 

4471.849 

-0.001 

4471.676 

+0.172 

11.5 

2 

Ti   36.3682 

4481.446 

-0.008 

4481.4.38 

S     36.3732 

4481.495 

-0.008 

4481.400 

+0.087 

5.8 

2 

Ti   43.2ia3 

45.52.610 

+0.022 

4552.  a32 

S     43.2380 

45.52.  S25 

+0.022 

4552 . 750 

+0.09G 

0  3 

2 

Ti   44.2484 

Standard 

^o.noo 

456:^.939 

S     44.6250 

4.56S.121 

+0.003 

4567.950 

+0.177 

11.6 

2 

Ti   44.9852 

4.572.149 

+0.007 

4572.156 

S     45.2420 

4575.032 

+0.007 

4574.900 

+0.1,39 

9.1 

2 

Curvatuie  Cor.  +0. 

3008  mm.                  V 
Re( 

'eighted  Me 
hietion  to  S 

an                  +  8.4 

Va  +16.93 

V,i         0.00 

Lin                  +16.93 

M 

eau+8.2 

Ra 

lial  Velocity 

+25.3  km. 

CAXIS  MAJOBIS~B  451 


Measured  by  F. 
Power  12 


Ti   ,30.0044 

4.338.045 

+0.0,39 

4,338.084 

S     30.3391 

4.340.722 

+6.036 

4,340.6.34 

-1-0.124     ,       +  8.6 

1 

S     a3. 57,36 

4.367.188 

-1-0.000 

4.367.012 

+0.176              12.1 

IV, 

Ti   .33.6515 

Standard 

±0.000 

4367.839 

Ti   .35.9161 

4.387.  ()6() 

-0.053 

4,387.007 

S     36.0565 

4.388.263 

-0.050 

4.388.  lU) 

+0.113     !            7.7 

1 

m 
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Radial  Velocities  of  Twenty  Stabs 


t  CANIS  MAJORIS—B  i51—Confinued 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave* 
Length 

Displacement 

Velocity 

Weight 

Ti   37.3995 

t.  m. 
4399.950 

t.  m. 
-0.015 

t.  m. 

t.  ni. 
4399.935 

t.  m. 

km. 

S     :«.1153 

4415.186 

-0.024 

4415.076 

+0.086 

+  5.8 

Vi 

S     39.a501 

4417.298 

-0.025 

4417.121 

+0.152 

10.3 

1 

Ti   39.4179 

4417.909 

-0.025 

4417.884 

Ti   44.8424 

4468.667 

-0.0O4 

4468.663 

S     45.1720 

4471.874 

-0.003 

4471.676 

+0.195 

13.1 

2 

Ti    46.1459 

Standard 

±0.000 

4481.438 

Ti   52.9973 

4552.589 

+0043 

4552.632 

S     53.0173 

4552.812 

+0.043 

4552.750 

+0.105 

G.9 

2 

Ti   54.0282 

4563.919 

+0.020 

45&3.939 

S     54.4053 

4568.108 

•4-6.666 

4567.950 

+0.158 

10.4 

2 

Ti   54.7696 

4572.176 

-0.020 

4572.156 

S     55. 0261 

4575.054 

-0.017 

4574.900 

+0.137 

9.0 

1 

Ti   56.. 3537 

Standard 

±0.000 

4590.126 

S     56.4464 

4591.190 

-0.001 

4591.066 

+0.123 

8.0 

14 

S     56.8974 

4596.386 

-0.006 

4.-J96.291 

+0.089 

5.8 

'4 

Ti   58.6974 

4617.483 

-0.031 

1G17.452 

Curvature  Cor.  +0.0013  mm. 


Weighted  meaii  +9.2 

Va  +16.93 
Vd         0.00 

Reduction  to  Sun 

Radial  Velocity 


+16.93 
+26.2  km. 


Mean +8.9 


€  CANIS  MAJORIS—B  461 


1902,  November  19, 

S.  M.  T.  2P0'" 

Measured  by  F. 

Hour  augie  W  0^  2"' 

Star  fair;  comparison  fair. 

Power  15 

Ti   29.8020 

Standard 

±0.000 

4.338.084 

S     33.3811 

4367. 2a3 

-0.048 

4.'J67.012 

+0.223 

+15.3 

1 

Ti   33.4534 

4367.887 

-0.048 

4.367.  a39 

Ti   36.6624 

4395.260 

-0.ft)9 

4395. 2(J1 

Ti   37.2046 

4400.000 

-0.065 

4.399.9.3") 

S     38.9.310 

4415.320 

-0.066 

4415. 07G 

+0.178 

12.1 

1 

S    39.i.-y;5 

4417.347 

-0.066 

4417.121 

+0.160 

10.9 

1 

Ti   39.2234 

4417.950 

-0.066 

4417.884 

Ti   44.6513 

4468.706 

-0.043 

4468. 6a3 

S     44.9»J6 

4471.909 

-0.033 

4471.676 

+0.2a) 

13.4 

3 

Ti   45.9516 

Standard 

±0.000 

4481.4.38 

S     45.9703 

4481.623 

±0.000 

4481.400 

+0.223 

14.9 

2 

Ti   52.80fi3 

4552.586 

+0.046 

4552.632 

S     52.8402 

4552.955 

+0.046 

4.552.750 

+0.251 

16.5 

3 

Ti   53.a-!58 

45&3.896 

+0.043 

45a3.9,39 

S     54 .  22.'il 

4568.196 

+0.027 

4.567.950 

+0.273 

17.9 

3 

Ti   .54.5769 

4572.145 

+0.011 

4572.156 

S     51.8412 

4575.109 

+0.015 

4574.900 

+0.224 

14.7 

1 

Ti   5<j.l625 

4590.105 

+0.021 

4590.126 

S     56.7174 

4596.492 

+0.016 

4596.291 

+0.217 

14.2 

1 

Ti   58.5062 

Standard 

±0.000 

4617.452 

Curvatiu-e  Cbr.  +0.0 

013  mm.                  W 
Rec 

eighte<l  mean                 +14.8 
Va   +14.74 
V,i        0.00 

uction  to  Sun                 +14.74 

Me 

in  +14.4 

Ra( 

lial  Velocity 

- 

f29.6  km. 
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Summary  of  Measures  of  f  CANIS  MAJORIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

B  216 
B  451 
B  461 

1901,  Nov.    7 

1902,  Nov.    6 
Nov.  19 

+27.7 
+25.3 

13 
11 

+26.2 
+29.6 

11 
9 

Mean  +26.5  +27.9 

Mean  of  3  plates  +27 . 7  km. 
Mean  of  all  measures  +27 . 2  km. 


12.    V  LEOXIS 
(E.  A.=  10^2'";  Dec.=  +17    15  ;  Mag.  3.6;  Class  VIIc) 
Three  plates  of  this  star  have  been  measured,  three  by  F.,  and  two  by  A.      The  spectrum  is  well 
advanced  toward  the  Ia2  type,  the  metallic  lines  being  numerous  and  well  defined.     The  helium  line 
X4471  is  present  but  weak. 

7!L£;0Ar/S— B329 


1902,  April  19,  G.  M.  T.  15''  43'" 

Hour  angle  W  1''  38""  Star  good ;  comparison  good. 


Measured  by  A. 
Power  20 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave 
Length 

Displacement 

Velocity 

Weight 

Ti  a5.6462 

t.  m. 

4468.6.37 

t.  m. 
+0.026 

t,  m. 

t.  m. 
4468.663 

t.  m. 

km. 

S    35.6874 

4469.0.37 

+0,026 

4468,663 

+0.400 

+26.8 

Ti  36.9530 

Standard 

^0,000 

4481.4.38 

S    36.9934 

4481.  a37 

^0,000 

4481.400 

+0.437 

29.2 

Ti  37.6612 

4488.474 

+0,019 

4488.493 

S    37.7913 

4489.774 

+0,015 

4489,351 

+0.4.38 

29.3 

S    38.0125 

4491.990 

+0,007 

4491.570 

+0.427 

28.5 

Ti  38.44.33 

4496,. 325 

-0,007 

4496.. 318 

S    39.67.56 

4508.874 

+0.004 

4.508.455 

+0,423 

28.1 

Ti  40.0663 

4.512.899 

+0.U07 

4512.906 

S    40.3610 

4515.949 

+0,005 

4515,508 

+0,446 

29.6 

S    40.8270 

4.520.800 

+0,002 

4520. 397 

+0.405 

26.9 

Ti  41.0.349 

Standard 

±6,(X)0 

4.522,974 

Ti  44.0855 

4.555.644 

+0  018 

45.55,662 

S    44.4158 

4559.269 

+0.012 

4.5.58,827 

+0.4.54 

29.9 

Ti  45.. 5779 

4572.166 

-0.010 

4572,156 

S    46.0019 

4576.928 

-6,667 

4576.512 

+0,409 

26.8 

S    46.6666 

4584.453 

-o,oa3 

4584.018 

+0.432 

28.3 

S    47.0.507 

4588,835 

-0.001 

4.588,381 

-4-0.453 

29,6 

Ti  47.1634 

Standard 

±0,000 

4590.126 

Curvature  Cor .+0.0008  mm. 


Weighted  mean 

Va 

Vd 
Reduction  to  Sun 
Radial  Velocity 


-25.98 
-  0.14 


+28.4 


-26.12 
+  2.3  km. 


Mean +28.1 


V  LEONIS—B  329 


Measured  by  F. 
Power  18 


Ti  29.0100 

4344.. 347 

+0.104 

4,344.451 

S    29.9874 

4.352.275 

+0.088 

4.351,9.30 

+0,4,33 

+29.8 

3 

Ti  31,8642 

4.367.778 

+0,061 

4,367,839 

S    34,0068 

4.385,940 

+0,005 

4,385,548 

+0,397 

27,1 

3 

Ti  .34,1.306 

4.387,005 

+0.662 

4,387.007 

Ti  .35.0730 

4.395.168 

+0.0.33 

4395.201 
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Radial  Velocities  of  Twenty  Stars 


V  LEONIS—B  329— Continued 


Mean  of  Settings 

Wave-Lenirth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

S     35.1219 

4395.594 

-1-0.008 

4395.201 

-t-0.401 

+27.4 

2 

Ti  35.6180 

Standard 

-1-6.666 

4399. a35 

S    37.5869 

4417.445 

-0.038 

4416.985 

-1-0.422 

28.6 

Ti  37.6100 

4417.923 

-0.039 

4417.884 

Ti  40.4754 

4443.981 

-0.005 

4443.976 

S    40.5205 

4444.404 

-0.005 

4443.976 

-1-0.42;$ 

28.5 

Ti  42.7869 

4465.979 

-0.004 

4465.975 

Ti  43.0643 

4468.666 

-0.003 

4468.663 

S    43.1058 

4469.069 

-6.664 

4468.663 

+0.402 

27.0 

Ti  43.3467 

4471.413 

-0.005 

4471.408 

Ti  44.3683 

Standard 

±0.000 

4481.438 

S    44.4087 

4481.8:^ 

±6.666 

4481.400 

+0.437 

29.2 

Ti  45.0789 

4488.497 

-0.0O4 

4488.493 

S    45.2098 

4489.804 

-0.003 

4489.  :i51 

-1-0.450 

30.0 

IH 

S    45.4307 

4492.016 

-0.001 

4491.570 

-j-0.445 

29.7 

2 

Ti  45.8580 

4496.316 

+6.662 

4496.318 

Ti  46.3649 

4501.450 

-0.002 

4501.448 

S    46.4006 

4501.813 

-0.002 

4501.448 

-|-0.;!63 

24.2 

2 

S    47.0943 

4508. 9a3 

-1-0.004 

4508.455 

-1-0.452 

;«).i 

4 

Ti  47,4823 

4512.899 

-1-0.007 

4512.906 

S    47.7765 

4515.943 

+6.666 

4515.508 

-H).441 

29.3 

3 

Ti  47.9931 

4518.193 

+6.66;-) 

4518.198 

S    48.2430 

4520.798 

+6.668 

4520.397 

-1-0.409 

27.1 

3 

Ti  48.4501 

4522. 9a3 

+o.6ii 

4522.974 

S    48.4762 

4523.236 

+6.6ii 

4522.802 

-1-0.445 

29.5 

3 

Ti  48.8799 

4527.478 

-1-0.012 

4527.490 

Ti  50.5092 

4544.849 

-1-0.015 

4544.864 

S    50.9913 

4550.069 

+6.oi8 

4549.642 

-1-0.445 

29.3 

3 

ri  51.2246 

4552.608 

-H).024 

4552.632 

Ti  51.5027 

4555.646 

-1-0.016 

4555.662 

S    51.5804 

4556.497 

+6.626 

4556.003 

-1-0.454 

29.9 

21^ 

S    51.a332 

4559.272 

-1-0.020 

4558.827 

+0.465 

30.6 

2 

Ti  52.2543 

4563.919 

+6.620 

4563. 9;» 

S    52.2914 

4564. 3.30 

-KJ.020 

4563.939 

+0.411 

27.0 

H 

Ti  52.9953 

4572.166 

-0.010 

4572.156 

S    53.0.317 

4572.573 

-0.010 

4572.156 

-1-0.407 

27.7 

1 

S    54.0862 

4.584.474 

-0.004 

4584.018 

-1-0.452 

29.6 

3 

S    54.4682 

4588.  &31 

-0.001 

4588.381 

+0.449 

29.3 

1 

Ti  54.5813 

Standard 

±0.000 

4590.126 

Cun-ature  Cor.  +0.0011  mm. 


Weighted  mean 

Va 
Vd 

Reiluction  to  Sun 
Radial  Velocity 


-25.98 
-  0.14 


+28.8 

"-26.12 

+  2.7  km. 


Mean +28.6 


1902,  April  23,  G.  M.  T.  IS"  30" 
Hour  anf,'le  W  P  40" 


V  LEONIS—B  333 
Star  excellent ;  comparison  excellent. 


Measured  by  F. 
Power  17 


Ti  27.. 5052 

4367.774 

+0.065 

4.367.  &39 

S    29.6488 

4.385.944 

-0.004 

4.385.548 

+0.392 

+26.8 

2 

Ti  29  77.30 

4.387.012 

-0.005 

4387.007 

S    .30.7751 

4.395.6!^ 

-0.001 

4:»5.2()1 

+0.493 

.33.6 

1 

Ti  .31  2.597 

Standard 

±0.000 

4.399.  9:J5 

S    .33.2344 

4417.495 

-0.a37 

4416.985 

+0.473 

.32.1 

2 

Ti  a3.2817 

4417.921 

-0.a37 

4417.884 

Ti  .38.4.304 

4465.984 

-0.009 

4465.975 

S    .38.7612 

4469.189 

-0.018 

4468.  Ofi;! 

+0.508 

.31.1 

1 

Ti  .38.9917 

1471.4.31 

-0.023 

4471.408 

S    .39.0668 

4472.163 

-0.022 

4471.676 

-K).465 

.31.2 

2 

Ti  40.0117 

Standard 

±0.000 

4481.4.38 

S    40.0542 

4481.  &58 

±0.000 

4481.400 

+0.4.58 

.30.6 

4 
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V  LEONIS^B  33:3  'Continued 


Mean  of  Settings 

Wave-LenRtb  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 

Length 

Displacement 

Velocity 

Weight 

Ti  40.7213 

t.  m. 

4488.514 

t.  m. 

-0.021 

t.  m. 

t.  m. 

4488.493 

t.  m. 

km. 

S    40.8501 

4489.770 

-0.021 

4489.351 

+0.398 

26.6 

1 

S    41.0762 

4492.034 

-0.021 

4491.570 

+0.443 

29.6 

2 

Ti  41. 5042 

4496. 3:» 

-0.021 

4496.318 

S    42.7410 

45(W  927 

-0.019 

4508.455 

+0.453 

30.1 

3 

Ti  43  1292 

4512.924 

-0.018 

4512.906 

S    43.4252 

4515.987 

-0.013 

4515.508 

+0.466 

31.0 

2 

Ti  43.1)390 

4518.207 

-0.009 

4518.198 

S    43.8952 

4520.876 

-0.010 

4520.397 

+0.469 

31.1 

2 

Ti  44.0970 

4522.985 

-0.011 

4522.974 

S    44.1278 

4523.308 

-0.011 

4522.802 

+0.495 

32  8 

2 

S    45,9(J00 

4542.106 

-0.009 

4541.690 

+0.407 

20,9 

1 

Ti  46  1565 

4544. 8G7 

-0.003 

4544.864 

S    46.6430 

4550.132 

+0.002 

4549.642 

+0.492 

32.4 

4 

Ti  46.8719 

4552,623 

+0.009 

4552.632 

Ti  47.1502 

4555.662 

±0.000 

4555.662 

S    47.2269 

4556.501 

— o.roi 

4556.063 

+0.442 

29,1 

2 

S    47.4772 

4559.248 

— o.ma 

4558.827 

—0.424 

27.9 

3 

S    49.7345 

4584.485 

--o.a)i 

4584.018 

—0.468 

30.6 

4 

S    50.1154 

4588.828 

±0.000 

4588.381 

-0.447 

29.2 

1 

Ti  50.2288 

Standard 

±0.000 

4590.126 

Cvirvature  Cor.  +0.0012  mm. 


Weighted  mean 

Va 

Va 
Reduction  to  Sun 
Radial  Velocity 


-26. 8i 
-  0.13 


+30.4 


-26.97 
+  SA  km. 


Mean +30.3 


r,  LEON  IS— B  mi 


1902,  April  30,  G.  M 

.  T.  15>'  51™ 

Measured 

by  A. 

Hour  angle  W  2''  28 

. 

Star  weak;  comparison 

good. 

Power  18 

S    24.9032 

4386.014 

±0.000 

4,385.548 

+0.466 

+31.9 

1 

Ti  25.0188 

Standard 

±6.666 

4.387.007 

S    28.4827 

4417.468 

-6.0.31 

4416.985 

+0.452 

30.7 

1 

Ti  28.5325 

4417.916 

-0.032 

4417.884 

Ti  31.. 37.30 

4443.980 

-0.004 

4443.976 

S    .31.4218 

4444.4.37 

-0.004 

4443.976 

+0.457 

,30.8 

1 

Ti  ,35.2720 

Standard 

±0.000 

4481.438 

S    35.. 3186 

4481.898 

±0.000 

4481.400 

+0.498 

.33.3 

1 

Ti  .36.0611 

4489.268 

-0.006 

4489.262 

S    .36.1196 

4489.852 

-6.606 

4489.351 

+0.495 

,^3.1 

1 

S    38.0041 

4508.922 

-0.008 

4508.4,55 

+0.4.59 

.30.5 

1 

Ti  38.3923 

4.512,914 

-0.008 

4512.906 

S    .38.6883 

4515.973 

-0.006 

4515.508 

+0.4.59 

.30.5 

1 

S    39.1644 

4520.920 

-o.a)2 

4520.. 397 

+0..521 

,34.6 

1 

Ti  ,39. 3612 

4522.975 

-0.001 

4.522.974 

S    41.1705 

4542.141 

+0.005 

4541.690 

+0.456 

30.1 

1 

Ti  41.4-2.32 

4544.8.58 

+0.006 

4544.864 

Ti  42.4196 

4555.669 

-0.007 

4555.662 

S    42.4204 

4555.678 

-0.007 

4555.162 

+0.509 

33.5 

1 

S    42.5113 

4556.672 

-0.007 

4556.202 

+0.4&3 

30.5 

1 

S    44.3449 

4577.015 

-0.003 

4576.  .512 

+0.500 

.32.8 

1 

S    44.9205 

4583.515 

-0.001 

4583.011 

+0.503 

32.9 

1 

S    45.0117 

4584.550 

-0.001 

4584.018 

+0.531 

34.7 

1 

S    45, 39.39 

4588.904 

±0.000 

4588.. 381 

+0.523 

.34.2 

1 

Ti  45.. 5008 

Standard 

±0.000 

4.590.126 

Curvature  Cor.  +0.0 

008  mm. 

Weighted  mean 

Va    -28.06 
Va    -  0.2C 

Reduction  to  Sun 

Radial  Velocity 

+32.3 

-28.26 
+  4.0  km. 

Me 

an  +32.3 
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vLEONIS  — B  331 


Measured  by  F. 
Power  18 


Mean  of  Settings 

Wave-LenBth  by 
Formula 

Correction  to 
Comp.  Linos 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  35.1895 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4481.438 

t.  m. 

k.  m. 

S     35.2347 

4481.884 

±0.000 

4481. 4(X) 

+0.484 

+.32.4 

Ti  .35.9777 

4489.256 

+0.006 

4489.262 

S     36.0391 

4489.868 

+0.006 

4489.  :i51 

+0.523 

.34.9 

1 

S     36.2548 

4492.025 

+0.002 

4491.570 

+0.457 

30.5 

1^ 

Ti  36.6840 

4496.  :i36 

-0.018 

449t>..318 

Ti  37.4337 

4.505.928 

-0.002 

4503.926 

S     37.9226 

4.508.924 

±0.000 

4508.455 

+0.468 

31.1 

2 

Ti  38.:»93 

4.512.899 

+0.007 

4512.906 

S     38.60a3 

4515.989 

+0.015 

4515.508 

+0.500 

33.2 

l>i 

Ti  38.8188 

4.518.171 

+0.027 

4518.198 

S     39.0818 

4.520.908 

+o.6i6 

4,520.. 397 

+0..527 

35.0 

2 

Ti  39.2789 

4522.966 

+0.008 

4.522.974 

S     39.3112 

4.52;5..3ai 

+0.008 

4522.802 

+0.509 

a3.8 

3 

Ti  39.7103 

Standard 

±0.000 

4527.490 

S     41  0903 

4542.155 

+0.019 

4541.690 

+0.484 

.32.0 

1 

Ti  41.3402 

4.544.841 

+0.023 

4544.864 

S     41.8295 

4.550.1.52 

+0.021 

4549.642 

+0.510 

33.6 

1 

Ti  42.0578 

4552.613 

+0.019 

4.552.  a32 

Ti  42.3373 

4.5.55.662 

±0.000 

4.5.55.662 

S     42.4250 

4.556.621 

+0.001 

4.556.063 

+0.5.59 

36.8 

2 

S     42.6712 

4559.. 321 

+0.004 

4.558.827 

+0.498 

32.8 

1 

Ti  42.7418 

4560.097 

+0.005 

4.560.102 

S     44.a304 

4.584.. 562 

+0.001 

4.584.018 

+0.545 

35.6 

'^% 

S     45.3072 

4.588.  a55 

±0.000 

4.588.. 381 

+0.474 

31.0 

1 

Ti  45.4183 

Standard 

±0.000 

4590.126 

Curvature  Cor.+ 0.0009  mm. 


Weighted  mean 

Va 

Vd 
Reduction  to  Sun 
Riidial  Velocity 


+33.5 

-28.06 

-  0.20 

-28.26 
+  5.2  km. 


Mean +33.3 


Sdmmary  of  Meascbes  of  II  LEON  is 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

B329 
B333 
B337 

1902,  April  19 
April  23 
April  30 

+2.3 

+4:1 

11 

is 

+2.7 
+3.4 
+5.2 

21 
18 
13 

Mean  +3.2  +3.7 

Mean  of  3  plates   +3 . 5  km. 
Mean  of  all  measures    +3.5  km. 


13.     7   CORVI 

(  R.  A. =12"  1 1"- ;  Df«.=  -  16-  59' ;  Miiy.  2.8  ;  Class  Via  ) 

Three  plates  of  this  star  have  been  measured  l)y  cnvXx  observer.  The  sfn'ctrum  sliows  numerous 
very  faint  and  broad  metallic  lines  which  are  not  ada|)ted  to  accurate  nicasurem(!iit.  Tlic  M<j  line 
X4481  is  decidedly  the  best  line  in  the  spectrum. 
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1902,  April  2,  G.  M.  T.  16''32'" 
Hour  angle  E  0^  46'" 


7  CORVI— B  305 
Star  fair;  comparison  good. 


Measured  by  A. 
Power  17 


Mean  of  Settings 

Wave-Lensth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti   18.6801 

t.  m. 

Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 

4338.084 

t.  m. 

km. 

S     18,9779 

4340.465 

±0  000 

4.340.6,34 

-0.169 

-11.7 

1 

S     30.9092 

4443.870 

±0.000 

4443.976 

-0.106 

7.2 

1 

Ti  30.9205 

Standard 

±6.6(X) 

4443.976 

S     33  4950 

4468.551 

-0.002 

4468. 6&3 

-0.114 

7.6 

1 

Ti  33.5067 

4468.665 

-0.002 

4468.663 

S     33.8066 

4471.586 

-0.002 

4471.676 

-0.092 

6.2 

2 

S     34.7998 

4481.346 

-0.002 

4481.400 

-0.056 

3.8 

2 

Ti  34.8093 

44S1.440 

-0.002 

4481. 4:« 

S     36.7853 

4.")01.275 

+0.012 

4.501.445 

-0.158 

10.5 

1 

Ti  36.8008 

4501.4.33 

+0.612 

4501.445 

S     42.6707 

4563.813 

±0  000 

4563.9.39 

-0.126 

8.3 

2 

Ti  42.6820 

Standard 

±0.000 

45&3.939 

S     43.4095 

4572.054 

-0.038 

4572.156 

-0.140 

9.2 

2 

Ti  43.4220 

4572.194 

-0.038 

4572.156 

Curvature  Cor.  +0.0008  mm. 


Weighted  mean 

Va 

Vd 
Reduction  to  Sun 
Radial  Velocity 


-7. 


-   1.09 
+  0.06 


1.03 


Mean -8.0 


8.7  km. 


yCORVI—B30a 


Measured  by  F. 
Power  12 


S     29.7935 

4.367.724 

±0.000 

4.367.775 

-0.051 

-3.5 

Ti  29.8072 

Standard 

±0.000 

4:367.8.39 

Ti  40.9955 

4468.675 

-0.012 

4468.663 

S     40.9987 

4468.705 

-0.012 

4468.663 

+0.030 

+  2.0 

S     41.0797 

4469.494 

-0.014 

4469.545 

-0.065 

-  4.4 

Ti  41.2785 

4471.430 

-0.022 

4471.408 

S     41.3004 

4471.644 

-0.022 

4471.676 

-0.054 

-  3.6 

S     42.2890 

4481.. •5.56 

±0.000 

4481.400 

-0.044 

-  2.9 

Ti  42.2973 

Standard 

±0.000 

4481.4,38 

Ti  44  2900 

4.501.432 

+0.013 

4501.445 

S     44.2935 

4501. 4G8 

+6.6i3 

4501.445 

+0.036 

+  2.4 

Ti  45.9164 

4.518.177 

+0.021 

4518.198 

S     45.9395 

4518.418 

+0.021 

4.518.506 

-0.067 

-  4.4 

Ti  48.8054 

4548.909 

+6.029 

4,548.938 

S     48.8760 

4.549.677 

+6.029 

4549.767 

-0.061 

-  4.0 

2 

S     50.1583 

4563.7.58 

+0.020 

4563.9.39 

-0.161 

-10.6 

3 

Ti  50.1730 

45&3.919 

+0.020 

4.5a3.9,39 

Ti  52.4960 

Standard 

±0.000 

4590.126 

Weighted  mean 
Curvature  Cor. 

Va 

Va 
Reduction  to  Sun 
Radial  Velocity 


-1.09 
+0.06 


-1.03 
-6.2  km. 


Mean  — 3 . 2 
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Radial  Velocities  of  Twenty  Stars 


1902,  April  3.  G.  M.  T.  16"  32" 
Hour  angle  EO' AT" 


yCORVI—B3l2 
Star  rather  weak;  comparison  good. 


Measured  by  A. 
Power  17 


Uean  of  Settings 

Wave-LenKth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.m. 

t.m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  21.3728 

Standard 

±0.000 

4338.084 

S     21.6969 

4340.594 

±0.000 

4340.  a'}4 

-0.040 

-  2.8 

1 

Ti  33.6225 

4443.967 

+0.006 

4443.976 

S     .36.2051 

44tW.60O 

±6.666 

4468. 6a3 

-0.063 

4  2 

1 

Ti  36.2116 

Standard 

±0.000 

4468.66.3 

S     37.5026 

44S1.313 

+0.018 

4481.400 

-0.069 

4.6 

4 

Ti  37.5134 

4481.420 

+0.618 

4481. 4:« 

S     42.&36i 

4533.978 

+6.027 

45:«.1.39 

-0.131 

8.9 

2 

Ti  42.6190 

4534.112 

+6.027 

4534.139 

S     45.3798 

4563.772 

+0.031 

4563.939 

-0.136 

8.9 

1 

Ti   45.:«21 

4563.908 

+0.031 

4563.939 

S     46.1206 

4572.027 

+0.017 

4572.156 

-0.112 

7.3 

2 

Ti   46.1306 

4572.139 

+0.017 

4572.156 

Ti  47.7164 

Standard 

±0.000 

4590.126 

Curvature  Ck)r.  +0.0008  mm. 


Weighted  mean 

-6.1 

Va 

— 

1.59 

Va 

+ 

0.07 

Reduction  to  Sun 

-1.52 

Radial  Velocity 

-7.6km 

Mean  —6.1 


yCORVI—B  312 


Measured  by  F. 
Power  12 


S    29.4601 

4395.  ia3 

+0.012 

4395.286 

-0.091 

-  6.2 

1 

Ti  29.4610 

4.395.189 

+0.012 

4.395.201 

Ti  .30.0034 

Standard 

±0.000 

4.399.9.35 

Ti  .33.0640 

4427.274 

-0.008 

4427.266 

S     .33.0690 

4427.411 

-6.668 

4427.420 

-0.017 

-  1.2 

1 

Ti  .■M.8571 

4443.967 

+0.009 



4443.976 

S     .34.8623 

4444.016 

+0.009 

4443.976 

+0.049 

+  3.3 

1 

Ti  .37.44.55 

4468.661 

+0.002 

4468.663 

S     .37.4480 

4468.685 

+0.002 

4468.66.3 

+0.024 

+  1.6 

1 

S     .38.7417 

4481.. 364 

±0.000 

4481.400 

-0.036 

-  2.4 

3 

Ti  .38.7492 

Standard 

±0.000 

4481.4.38 

Ti  40.74.38 

4.t(J1.444 

+0.001 

4501.445 

S     40.7.570 

4.501.577 

+0.001 

41501.445 

+0.1.33 

+  8.9 

2 

Ti  45.2619 

4.548.923 

+0.015 

4.548.9.38 

S     45.. 3278 

4.549.  (i39 

+0.019 

4.549.767 

-0.109 

-  7.2     • 

2 

8     45.5914 

45.52.509 

+0.029 

45.52.66.3 

-0.125 

-  8.2 

1 

Ti  45.6000 

4.5.52. 6a3 

+0.029 

4.552.  &32 

S     46.61.58 

4.563.770 

+0.023 

4.5a3.939 

-0.140 

-  9.6 

1 

Ti  46.6290 

4.563.916 

+6.6-2.3 

456:5.9.39 

S     47. .3605 

4.572.064 

+0.016 

4.572. 1.5() 

-0.070 

-  5.0 

1 

Ti  47. 3673 

4.572.140 

+0.016 

4572.1.56 

S     48.41.39 

4.5a3.955 

+0.006 

4.584.018 

-0.U57 

-  3.7 

1 

Ti  48.9541 

Standard 

±0.000 

4590.126 

Weighted  mean 

-8.9 

Cur\ature  Cor. 

-0.87 

Va 

-1.59 

v„ 

+  0.07 

Reduction  to  Sun 

-1.52 

Radial  Velocity 

-6.3  km. 

Mean  —    4.2 


228 


Edwin  B.  Frost  and  Walter  S.  Adams 


87 


1902,  April  19,  G.  M.  T.  17"  3" 
HoiirausleWOMS" 


7  CORVI ~B  330 
Star  good  ;  comparison  good. 


Measured  by  A. 
Power  17 


Mean 

of  Settiogs 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

s 

36.4469 

t.  m. 

4468.620 

t.  m. 

t.  m. 
±0.000 

t.  m. 

4468. 6a3 

t,  m. 
-0.043 

km. 
-  2.9 

1 

Ti 

36.4513 

Standard 

±0.000 

4468.663 

S 

37.7570 

4481.457 

+0.003 

4481. 4(X) 

+0.060 

+  4.9 

2 

Ti 

37.7547 

4481.435 

+0.003 

44S1.4.38 

S 

39.7493 

4501.436 

±0.000 

4501,445 

-0.009 

-  0.6 

1 

Ti 

39.7504 

Standard 

±0.000 

4501.445 

S 

42.8979 

4534.185 

-o.oii 

4534.139 

+0.035 

+  2.3 

1 

Ti 

42.9711 

4534.964 

-0.011 

4534.953 

S 

45.6353 

45a3.896 

-0.002 

4563.939 

-0.045 

-  3.0 

1 

Ti 

45.6394 

45&3.941 

-0.002 

4563.939 

S 

46.3747 

4572.128 

±0.000 

4572.156 

-0.028 

-  1.8 

1 

Ti 

46.3772 

Standard 

±0.000 

4572.156 

Cui-vatui-e  Cor.  +0.0008  mm. 


Weighted  mean  +0.3 

Va    -9.29 
V,i    -0.06 

Reduction  to  Sim 

Radial  Velocity 


9.35 


-9.1  km. 


yCORVI—B330 


Mean  -0.3 


Measiured  by  F. 
Power  12 


Ti  30.0032 

Standard 

±0.000 

4427.266 

S     30.0313 

4427.. 523 

±0.000 

4427.420 

+0.103 

+7.0 

1 

Ti   ;34.4000 

44G8.607 

-0.004 

4468.663 

S     34.4075 

446S .  7.'«l 

-0.004 

4468. 6&3 

+0.072 

4.8 

H 

S     34.7232 

4471. SIO 

-o.oas 

4471.676 

+0.131 

8.8 

% 

Ti   35.7043 

4481. 4;«t 

-0.001 

4481.4.38 

S     35.7095 

4481.490 

-o.ooi 

4481.400 

+0.089 

6.0 

3 

Ti  .37.7005 

Standard 

±0.000 

4501.445 

S     37.7117 

4501.5.58 

±0.000 

4501.445 

+0.113 

7.5 

1 

Ti  38.8196 

4512.  iUl 

+0.001 

4.512.912 

Ti   42.2250 

4.54S.!)(;i 

-0.023 

4.548.938 

S     42.3124 

4.54 '.1  '.no 

-0.015 

4.549.767 

+0.128 

8.4 

1 

Ti  42.5618 

4.552.  ly.-, 

+0.007 

4552.6.32 

Ti   43.5924 

45t;:MCiii 

-0.011 

4563.9.39 

S     43.. 5995 

4.564.  U2S 

-0.011 

4563.9.39 

+0.078 

5.1 

1 

Ti   44.-3295 

Standard 

±0.000 

4572.1.56 

S     44.3304 

4572.166 

±0.000 

4.572.1.56 

+0.010 

0.7 

1 

Weighted  mean  +5 . 9 

Cm-vature  Cor.  -0.86 

T^„    -9.29 
Va  -0.06 
Reduction  to  Sun 
Radial  Velocity 


-9.35 


-4.3  km. 
Sdmmary  of  Measdbes  of  7  COR  VI 


Mean  +6.0 


Plate 

Date 

Adams          No.  of  Lines 

Frost            No.  of  Lines 

B305 
B312 
B330 

1902,  April    2 
April    3 
April  19 

-8.7 
-7.6 
-9.1 

8 
6 
6 

-6.2                9 
-6.3              10 
-4.3                8 

Mean  -8.4  -  5.5 

Mean  of  3  plates    —7.0  km. 
Mean  of  all  measures    —  7.0  km. 
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Radial  Velocities  of  Twenty  Stars 


U.  tIIERCULIS 
(R.  A.=  16"  IV":  Dec.=  +46"  33';  Mag.  3.9;  Class  Vn) 
Four  plates  of  this  star  have  been  measured,  four  by  A.,  and  two  by  F.    The  spectrum  is  very 
similar  to  that  of  ^Ononis,  the  lines  being  rather  broad  but   fairly  well  detincd. 


1902,  February  19,  G.  M.  T.  2P  33- 
Hour  angle  E  2"  33" 


T  HERCULIS—k  325 
Star  good;  comparison  go«l. 


Measured  bv  A. 
Power  20 


Mean  of  Settings 

Wave-Length  by 
Formma 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti   21.1914 

Standard 

±0.000 

4338.084 

S     21..'»4.5 

4340.276 

±0.000 

4.340.  £34 

-0.358 

-24.7 

2 

S     25.6210 

4.T87.718 

±0.000 

4.388.100 

-0.382 

26.1 

2 

Ti  26.2596 

Standard 

±0.000 

4.395.201 

Ti  32.1604 

4468.667 

-0.004 

4468. 6(i3 

S     32.3572 

4471.260 

-0.003 

4471.676 

-0.419 

28.1 

4 

8     33.0975 

4481. ia3 

iO.OOO 

4481.400 

-0.297 

19.9 

2 

Ti  33.1225 

Standard 

±0.000 

4481.438 

Curvature  Cor.  +0.0005  mm. 


Weighted  mean 

V„ 

Reduction  to  Sun 
Riidial  Velocity 


+11.92 
-13.5  km. 


Mean  —24.7 


1902,  March  12,  G.  M.  T.  22''  9" 
Hour  angle  E  0"  iS"" 


T  HERCULIS—B  295 
Star  good;  comparison  good. 


Measured  by  A. 
Power  21 


Ti  21.2628 

Standard 

±0.000 

4.338.084 

S     21.5507 

4340.383 

±0.000 

4340.634 

-0.253 

-17.5 

1 

Ti  27.1712 

4.387.026 

-0.019 

4.387.007 

S     27.2620 

4:587.808 

-0.018 

4:J88.100 

-0..310 

21.2 

2 

Ti  28.&561 

Standard 

±0.000 

4:!99.9.3o 

Ti  36.0928 

4468.  GtO 

+0.013 

4468.663 

S     .36.3713 

1471.. 363 

+0.010 

4471.676 

-0.303 

20.3 

3 

S     37..^580 

4481.064 

±0.000 

4481.400 

-0.336 

22.5 

4 

Ti  37.3958 

Standard 

±0.000 

4481.438 

Curvature  Cor.  +0.0009  mm. 


Weighted  mean  —21.1 

Va  +  9.65 
Vd  +  0.05 

Reduction  to  Sun  +9.70 

Radial  Velocity 


11.4  km. 


Mean  -20.4 


1902,  March  13,  G.  M.  T.  19"  36" 
Hour  angle  E  3"  12"' 


T  HERCULIS—B  301 
Star  slightly  weak;  comparison  good. 


Mca.surcd  bj-  A. 
Power  20 


Ti  29  17.33 

Standard 

±0.000 

4.399.9.^5 

S     .^3  :}328 

44.37. 4f» 

±0.000 

44.37.718 

-0.2.58 

-17.4 

1 

Ti  .34.0320 

Standard 

±0.000 

4443.976 

Ti  .36.6224 

■iimiil-M 

-0.006 

4468. 6(;3 

S     .3f!.»J31 

4471. .397 

-O.OOl 

4471.676 

-0.2a3 

19.0 

3 

S     37.8874 

4481 .051 

±0.000 

4481.400 

-0..'J49 

23.4 

3 

Ti  37.9266 

Standard 

±0.000 

4481.438 

Curvature  Cor.  +0.0008  mm. 


Weighted  mean                   -20.6 

Mean  - 

-  19.9 

Va    +9.53 

Vd    +0.17 

Rwliiction  to  Sun                   +9.70 

Radial  Velocity                      -10.9  km. 
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T  HERCULIS—B  301 


Measured  by  F. 
Power  14 


Mean  of  Settings 

Wave- Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 

Length 

Displacement 

Velocity 

Weight 

Ti  36.1373 
S     36.6877 
Ti  36.6951 
S     37.6728 
Ti  37.7157 
Ti  38.4255 

t.  m. 
Standard 
4471., 332 
4471.405 
4481.014 
Standard 
Standard 

t.  m. 
±0.000 

+o.(m 
±6'6o6 

±0.000 

t.  m. 

+6!  66,3 
±6!66o 

t.  m. 

4465.975 
4471.676 
4471.408 
4481.4a) 
4481.4,38 
4488.493 

t.  m. 
-0.,341 
-0.386 

km. 
-22.9 

-25.8 

1 
1 

Curvature  Got.  +0.0013 irm. 


Weighted   mean 

Fa 

Reduction  to  Sun 
Radial  Velocity 


-24.4 


+  9.53 
+  0.17 


+  9.70 
-14.7  km. 


Mean  —24.4 


1902,  April  3,  G.  M.  T.  17"  29" 
Hour  angle  E  3"  SS"- 


T  HERCULIS—B  313 
Star  weak;  comparison  fair. 


Measured  by  A. 
Power  17 


Ti  21.1901 

Standard 

±0.000 

43.38.084 

S     21.4742 

4340.354 

-0.001 

4340.634 

-0.281 

-19.4 

1 

S     27.2043 

4387.939 

-0.026 

4388.100 

-0.187 

12.8 

1 

Ti  28.0459 

4.395.231 

-0.030 

4395.201 

S     32.7402 

4437.4.39 

-0.004 

44.37.718 

-0.283 

19.1 

2 

Ti  a3.4414 

Standard 

±0.000 

4443. 97G 

Ti  .36.0305 

4468.668 

-0.005 

4468.663 

S     36.. 3129 

4471.415 

-0.002 

4471.676 

-0.263 

17.6 

3 

S     37.2987 

4481.091 

+0.012 

4481.400 

-0.297 

20.0 

4 

Ti  37.. 3.326 

4481.426 

+0.012 

4481.4.38 

Ti  45.2153 

Standard 

±0.000 

4563.9,39 

Ciu-vature  Cor.  +  0.0008  mm. 


Weighted  mean 

Fa +6.17 
Vd  +0.20 

Reduction  to  Sun 

Radial  Velocity 


18.5 


+   6.37 


12.1km. 


Mean -17. 8 


r  HERCULIS  —  B  313 


Measured  by  F. 
Power  12 


Ti  39.1607 

Standard 

±0.000 

4468.663 

S     39.4455 

4471.4,39 

±0.000 

4471.676 

-0.237 

-15.9 

1 

S     40.4213 

4481.032 

±0.000 

4481.400 

-0.368 

-24.6 

1 

Ti  40.4623 

Standard 

±0.000 

4481.438 

Ti  48.3471 

4563.949 

-0.010 

45&3.939 

Ti  49.0852 

Standard 

±0.000 

4572.156 

Curvature  Cor.  +  0,0013  mm. 


Weighted  mean 

F„  +6.17 
Vd  +0.20 

Reduction  to  Sun 

Radial  Velocity 


-20.3 


+  6.37 
-13.9km. 


Mean  — 20.3 
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Summary  of  Measobes  of  t  HERCULIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

A325 
B295 
B301 
B313 

1902,  Feb.  19 
Mar.  12 
Mar.  13 
April  3 

-13.5 
-11.4 
-10.9 
-12.1 

4 
4 

3 
5 

-ii.T 

-13.9 

2 
2 

Mean  -12.0  -14.3 

Meau  of  -1  plates      —  12 . 7  km. 
Mean  of  all  measures      —  12. 7  km. 


15.     K  DRAGON  IS 
(R.  A.  =  17''  1'" ;  Dec.  =  +65"  50  ;  Mag.  3.3;  Class  Va) 

Four  plates  of  this  star  have  been  measured,  by  each  observer.      The  spectrum  contains  few 
lines,  but  these,  though  rather  broad,  are  better  defined  than  iu  most  of  the  stars  containing  them. 


1902,  Febniarv  3,  G.  M.  T.  22"  2Ar 
Hour  anifle  ES"  42" 


iDRACONIS  —  'R  290 
Star  good;  comparison  rather  weak. 


Measuretl  by  A. 
Power  21 


Mean  of  Settings 

Wave-LengtU  by 
Formnla 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  20.6686 

Standard 

±0.000 

4338.084 

S    20.9577 

4340.406 

±0.000 

4.340.  &34 

-0.228 

-15.8 

1 

S    22.3687 

4351.863 

±0.000 

4:i52.083 

-0.220 

15.2 

1 

Ti  28.0210 

Standard 

-^0.000 

4:!99.9;i5 

S    29.9143 

4416.863 

-o.oa3 

4417.121 

-0.261 

17.7 

1 

Ti  .TO.(J273 

4417.887 

-0.003 

4417.884 

Ti  :i-).4213 

4468.674 

-0.011 

44(».6&3 

S    .^^.7115 

4471.517 

-0.008 

4471.676 

-0.167 

11.2 

1 

s  .Tfj.eaTS 

4481 . 146 

±0.000 

4481.400 

-0.254 

17.0 

3 

Ti  .36.71.52 

Standard 

±0.000 

4481.438 

Curvature  Cor.  +  0.0008  mm. 


Weighted  mean 

Va 

Va 
Reduction  to  Sun 
Radial  Velocity 


+  2.03 
+  0.12 


-15.8 


Mean  — 15.4 


iDRA.CONIS  —  B'^Xi 


Measured  by  F. 
Power  12 


Ti  .3-j.a)10 

Standard 

±0.000 

4.338.084 

S    .35.. 3010 

4.'}4<J.496 

-0.001 

4:S40.6.'M 

-O.l.'ii) 

-  9.6 

2 

Ti  42. 35.35 

Standard 

±0.000 

4;ii«).9.T) 

Ti  49.7540 

4468.6.59 

+0.004 

14(».(ai3 

S    .5(J.a357 

4471.417 

+o.oa3 

4471.676 

-0.256 

17.2 

2 

S    51.0140 

4481.080 

±0.000 

4481.400 

-0..323 

21.4 

3 

Ti  rA.i&M 

Standard 

±0.000 

4481.438 

Curvature  Cor.  +0.0010  mm. 


-16.5 


Weighted  mean 

Fa +2.03 
Fd+0.12 

Rwluction  to  Sun 

Radial  Velocity  —  14.4 
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1902,  February  10,  G.  M.  T.  22"  12" 
Hour  angle  E  3"  24™ 


^DRACONIS  —  ASU 
Star  good ;   comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  21.4626 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 
4338.084 

t.m. 

km. 

S    21.6748 

4340. 375 

±0.000 

4340.634 

-0.259 

-17.9 

3 

Ti  25.a323 

4387.016 

-0.009 

4387.007 

S    25.9032 

4387.842 

-0.009 

4388.100 

-0.267 

18.2 

2 

Ti  26.9314 

Standard 

-1-0.000 

4399.935 

Ti  32.4327 

4468.671 

-0.008 

4468.663 

S    32.6389 

4471.388 

-0.006 

4471.676 

-0.294 

19.7 

3 

S    33.3751 

4481.177 

±0.000 

4481.400 

-0.223 

14.9 

3 

Ti  33.3946 

Standard 

±0.000 

4481.438 

Curvatui'e  Cor.  -|- 0.0005  mm. 


Weighted  mean 

Va 

Va 
Reduction  to  Sun 
Radial  Velocity 


17.7 


-t-  1.79 
-f-  0.11 


-I-  1.90 
-15.8  km. 


Mean  -17.7 


f  DRAG  ON  IS  —  A  314 


Curvature  Cor.  -F  0.0009  mm. 


Weighted  mean 

Va 

Vd 
Reduction  to  Sun 
Radial  Velocity 


■11.0 


+  1.79 
-I-  0.11 


+  1.90 
-12.2  km. 


Measured  by  F. 
Power  12 


Ti  34.99.34 

Standard 

-hO.OOO 

4.338.084 

S    35.2065 

4340.365 

±0.000 

4340.644 

-0.269 

-18.6 

2 

Ti  39.3611 

4387.004 

-HO. 003 

4387.007 

S    39.42,30 

4387.717 

-1-0.003 

4.388.100 

-0.380 

26.0 

}4 

Ti  40.4611 

Standard 

±0.000 

4399.9,35 

Ti  45.7584 

4466.003 

-1-0.028 

4465.975 

S    46.1762 

4471.499 

4-0.018 

4471.676 

-0.159 

10.7 

2 

S    46.9095 

4481.252 

±0.000 

4481.400 

-0.148 

9.9 

2 

Ti  46.9234 

Standard 

±0.000 

4481.438 

Mean  -16.3 


1901,  February  19,  G.  M.  T.  20''  .S-S"- 
Hour  angle  E  4"  33™ 


fDRACONIS  — A  32i 
Star  good;  comparison  good. 


Curvature  Cor.  -|-0.0005  mm. 


Weighted  Mean 

Va   - 
Vd  J 
Reduction  to  Sun 
Radial  Velocity 
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14.9 


+  1.57 
-13.3  km. 


Measured  by  A. 
Power  21 


Ti  22.5708 

Standard 

±0.000 

4338.084 

S    22.7874 

4340.422 

-0.001 

4340.634 

-0.213 

-14.7 

3 

Ti  26.9425 

4387.027 

-0.020 

4.387.007 

S    27.0189 

4.387.916 

-6.626 

4388.100 

-0.204 

13.9 

1 

Ti  28.0410 

Standard 

±0.000 

4.399.935 

Ti  a3.5441 

4468.669 

-0.006 

4468.663 

S    .33.7545 

4471.441 

-0.005 

4471.676 

-0.240 

16.1 

4 

S    ,34.4909 

4481.229 

±0.000 

4481.400 

-0.171 

11.4 

1 

Ti  34.5065 

Standard 

±0.000 

4481.438 

Mean  -14.0 
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l:I)RA('ONIS—A^2i 


Measured  by  F. 
Power  12 


Mkiiii  lit  Hnllliiua 

WnTn-Lonutli  by 
Piirmiiln 

Corroctioii  to 
romp.  Linos 

Correction  to 
Star  Linos 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

iiini. 

77  Ml  mm  I 
H   :t.'i  '.iiii'2 
Ti  1(1  iimo 

Ti  t:.  lt7(H 
S      III   IHOH 
S      III  l)|.'l.'> 
Vi    111  H'fJI 

t.  III. 

Kliiiulnrd 
■i:ilO  .'ITO 

Stiimlnnl 
mis  (170 
■1171.  112 
\[X\    IS,'. 

Sliiiuliinl 

t.  Ill 
iO.(XX) 

■t(V(XK) 
-0.rt)7 

±6. 000 

t.  m. 

i'o'.ax) 
-o.im 

±0.(X)0 

t.  in. 
4a38.084 
4340.634 
4.399.935 
4468. 6&3 
4471.676 
4481.400 
4181.438 

t.  m. 
-0.264 

-0.240 
-0.215 

km. 
-18.2 

16.1 
14.4 

2 

I'liniilui.'  for.    I  O.IHHl'.l  iniii. 


Woiffhtod  mean  —16.2 

Va  +1-44 

I',,  +0.13 
HtHliiotion  to  Sun  +1.60 

Hiidial  Noloeitv  "-14.6km. 


Mean— 16.2 


mXi,  \h\yi\H\0.  M.  T.  1(5"  1" 


fDRAC0NIS  —  B3Ql 
Slav  f;iir:  comparison  good. 


^.^lrv»^ulv  «.\»r.  KVlKXle^  mm. 


\\,    -2.46 
Fd    40.09 
ReiiHctkvn  to  Sim 

Kjulial  V.^kx-itv  - 


14.0 


-16.4  km. 


Measured  by  A 
Power  21 


7v  ai  aaw 

St,n\il;nvl 

•  OaU* 

4338.084 

s  ai  f«xx! 

I.UO  4U> 

±o.ax) 

4340.634 

-0.234 

-16.2 

1 

s  aa  iMsr. 

4;lM   STS 

-0.1X12 

4352.083 

-0.207 

14.3 

1 

vi  avsiw 

4;!«17  S4;! 

-o.avi 

4367.839 

Ti  as  tv>n 

St.niul.irvl 

iO.OlX) 

4399.9^ 

s  ;*>  .N;\ti 

44U".  IV>7 

-0.035 

4417.121 

-0.189 

12.8 

2 

n  ;n>  t!S\t 

■1417  S>U> 

-0.t,t2ti 

4417.884 

n  .>«  i;us 

44t5S  (-.74 

-0.01 1 

4468.663 

S    .**»  4**. 

4471  470 

-0.008 

4471.676 

-0.20S 

14.0 

3 

s  .*«7.4i;u 

44SI   IS<! 

±0.000 

44S1.400 

-0.214 

14.3 

2   ■ 

n-37.4:av 

Stanvli»r\l 

±0,000 

44S1.43S 

Mean  -14.3 


0>r(»t«K«>  i\».  4-CliX« 


."  .    .  .\V  1. 

\i.V/S  — B 

;v^7 

Measured  hv  F. 

Power  12 

, , 

44;45.C»*4 

.(■•i 

4;«0.634 
i;U4,451 
4;4>7aX>7 

-0.380 

-19.3      I      2 

4-^.100 

+0-005 

+3.4      f      1 

.>-i 

«:-.  676 

-0-ier 

-U.2           3 

=  iVHW 

44^1,400 

-O-fflT 

-15.3           3 

cw> 

44^1. 43S 

•, 

^'^•^kted  BKttB                 - 12 .  T 

Mean 

-10-6 

1',  -f2.*5 

Fj   +0,09 

fcSrtJwrtwa  to  Sub               -  2.311 

". 

'     V;^VSt^ 

r 

-U.lkm. 

:£it 
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Summary  of  Measures  of  ^  DRAUONIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

B  290 
A  314 
A  324 
B  357 

1902,  Feb.    3 
Feb.  10 
Feb.  19 
May  30 

-13.7 
-15.8 
-13.3 
-16.4 

5 
4 
4 
5 

-14.4 
-12.2 
-14.6 
-15.1 

3 
4 
3 

4 

Mean  -14.8 

Mean  of  4  plates  —14.4km. 
Mean  of  all  mea.sures  —14.4km. 


-14.1 
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It).  I  HE  ECU  LIS 
(R.  A.  =  17"  37"';  Dec.  =  +46=4' ;  Mag.  3.9;  Class  IV6) 
Fur  plates  of  this  star  have  been  measured,  two  by  F.,  and  four  by  A.      The  spectriim  contains 
few  lins,  but  these  are  well  defined,  and  suitable  for  fairly  accurate  measurement. 


1901,  Sptemlier  27,  O.  M.  T.  I4\-5.- 
Hour  asrle  \\'  ■'  '■  ■'  '■' ' 


i  HERCULlS^k2h\ 
Star  good;  comparison  strong. 


Measm'ed  by  A. 
Power  21 


Meaii>f  SetUngit 

Wavt'-Lrncth  hy 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

i.mi. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

7  M. 5330 

4.386. 9M 

+0.013 

4.387.007 

S  J(i.6174 

4387.961 

+0.012 

4388.100 

-0.127 

-8.7 

1 

7  i:?. 6518 

Standard 

±0.000 

4399.935 

S  ;i).7860 

4437.582 

+0.012 

4437.718 

-0.124 

8.4 

1 

7.  1.3001 

4443. 9«>2 

+0.014 

4443.976 

7;:!.  0377 

44(i'j.975 

±0.000 

4465.975 

S   :!.47()9 

4471.573 

±0.0(X) 

4471.676 

-0.103 

6.9 

3 

S  ;i.2i:n 

4481.277 

±0.000 

4481.400 

-0.123 

8.2 

4 

;    1  'Ji')'.* 

Stnntlard 

±0.000 

4481.4.38 

"     1  :t7-.'2 

4r)52.574 

+0.044 

4552.750 

-0.132 

8.7 

1 

;  :  ,L;t7:i2 

l.Y>2.r)88 

+0.044 

4552.632 

7  P).  1497 

t.">6:{.950 

-0.011 

45&3.939 

S  10.4149 

4.")t;7.871 

-0.010 

4567.950 

-0.089 

5.8 

2 

7.(1.8944 

Standard 

±0.000 



4590.126 

Curvatre  Cor.  +0.0001  mm. 


1901,  ttober  3,  G.  M.  T.  15"  30'" 
Hoiu-  affle  W  4''  45"" 


Weighted  mean 

Va 
V,l 

Retluctiou  to  Sun 
Radial  Velocity 


-   7.6 


10.06 
0.19 


iHERCULIS—k2m 
Star  good  ;  comparison  fair. 


Ciirviure  Cor.  +0.0001  mm. 


Weighted  mean 

Va 

Va 
Reduction  to  Sun 
Radial  Velocity 


-7.8 


9.71 
0.22 


'-^9.93 
—17.7  km. 


Mean  -7.8 


Measured  by  A. 
Power  21 


7.17.2714 

4387.020 

-0.013 

4.387.007 

■-  i7..T>44 

4387.974 

-0.012 

4.388.100 

-0.138 

-9.4 

1 

;  i'<.3849 

Standard 

±0.000 

4399.9:35 

,  •.:o.t;754 

4427.319 

-0.053 

4427.266 

r    M. 51.56 

44.37.651 

-0.043 

4437.718 

-0.110 

7.4 

1 

>    -A  1877 

4471.587 

-0.009 

4471.676 

-0.098 

6.6 

2 

S  J4.9277 

4481.286 

±0.000 

4481.400 

-0.114 

7.6 

2 

7  24.a392 

Standard 

±0.000 

4481.438 

730.0724 

4552.(542 

-0.010 

4552.632 

S  :».0713 

4552.610 

-6.616 

4552.750 

-0.134 

8.8 

1 

7.'i0.2792 

Standard 

±6. 000 

4555.662 

Mean  -8.0 
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Kadial  Velocities  of  Twenty  Stars 


HERCULIS—X  260 


Me.isiired  by  F. 
Power  12 


Mean  of  Settings 

Wave-Leneth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  30.0003 

t.  m. 
Standard 

t.  m. 
±0.000 

t.  m. 

t.  m. 

4338.084 

t.  m. 

km. 

S    30.2409 

4340.645 

-0.001 

4340. 6;M 

+0.010 

+0.7 

1 

Ti  34.4350 

4387.  a38 

-o.asi 

4387.007 

S    34.5245 

4388.065 

-0.030 

4388.100 

-0.065 

-4.4 

3 

Ti  35.5491 

4399.945 

-0.010 

4399.935 

Ti  37.83&3 

Standard 

±0.000 

4427.266 

S    38.6818 

4437.656 

+0.009 

4437.718 

-0.053 

-3.6 

2 

Ti  39.1885 

4443.961 

+0.015 

4443.976 

Ti  40.9215 

4465.976 

-0.001 

4465.975 

S    41.3537 

4471.579 

+6.606 

4471.676 

-0.091 

-6.1 

4 

S    42.0920 

4481.255 

+0.019 

4481.400 

-0.126 

-8.4 

4 

Ti  42.1044 

4481.419 

+0.019 

4481.438 

Ti  47.4434 

Standard 

±0.000 

4555.662 

Weighted  mean 

Curvature  Cor. 

r„ 

Reduction  to  Sun 
Radial  Velocity 


5.6 

0.27 


-9.71 
-0.22 


-  9.93 
^SXkm. 


Meau  —4.4 


1901.  October  18.  G.  M.  T.  15"  27" 
Hour  angle  \V  o"  42"" 


i  HEliCULIS—B  203 
Star  weak;  comparison  strong 


Measured  by  A. 
Power  24 


Ti  40.3344 

Standard 

±0.000 

4468.663 

S    40.&336 

4471.547 

+6.66i 

4471.676 

-0.128 

-8.6 

1 

S    41.6345 

4481.279 

+0.005 

4481.400 

-0.116 

7.8 

2 

Ti  41.6502 

4481.4.33 

+0.005 

4481.4.38 

Ti  44.7949 

4512. 9a3 

+0.003 

4512.906 

Ti  48.5741 

4552.617 

+0.015 

4552.632 

S    48.5752 

45.52.629 

+6.6i5 

4552.750 

-0.106 

7.0 

2 

Ti  51.9644 

Standard 

±6.666 

4590.126 

Ti  61.7980 

Standard 

±0.000 

4710.368 

S    62.0145 

4713.227 

±0.000 

4713.308 

-0.081 

5.2 

3 

Curvature  Cor.  +0.0002  mm. 


Weighted  mean 

Va 
V.l 

RiKluctiou  to  Sun 
Radial  Velocity 


—  8.39 
-0.24 


6.7 


8.63 


-15.3  km. 


Mean  —7.1 


HERCVLIS  —  B  203 
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Measured  by  F. 
Power  12 


Ti  .'ttlf.iT.'. 

1  ;-;  '.171 

;M  ()36 

4.387.007 

S   :i->.ili-> 

i:w7  '.r,2 

+6.6,33 

4.388.100 

-0.115 

-  7.9 

2 

Ti  .36.5035 

Standard 

±0.000 

4.3i)».9.35 

Ti  .37.7940 

44U.248 

-0.008 

4411.240 

S    .38.2090 

4414.927 

-0.009 

4415.076 

-0.158 

10.7 

U 

Ti  43.74.tO 

4465. 99{) 

-0.024 

4465.975 

S    44. 32.30 

4471. 555 

-0.015 

4471.676 

-0.1.36 

9.1 

3 

S    45. 3240 

4481.282 

±0.000 

4481.400 

-0.118 

7.9 

4 

Ti  45.. 3400 

Standard 

±0.000 

4481.438 

Edwin  B.  Frost  and  Walter  S.  Adams 
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HERCULIS— B  203— Coniinued 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Longth 

Displacement 

Velocity 

Weight 

Ti  52.2&50 
S    52.2660 
Ti  55.6550 
Ti  61.2750 
Ti  65.4895 
S    65.7060 

t.  m. 
4552.612 
4552.622 
Standard 
4656.666 
4710.502 
4713.366 

t.  m. 
+0.020 

±6!oo6 

-0.022 
-0.134 

t.  m. 
+6!  020 

-6.146 

t.  m. 

4552.632 
4552.750 
4590.126 
4656.644 
4710.368 
4713.308 

t.  m. 
-0.108 

-0.088 

km. 
-7.1 

5.6 

2 
3 

Weighted  mean 
Curvature  Cor. 


7.6 
0.18 


Va    -8.39 
Vd    -0.24 


Keduction  to  Sun 
Radial  Velocity 


-  8.63 
-16.4  km. 


Mean  -8.0 


1902,  September  3,  G.  M.  T.  17^-  20"" 
Hour  angle  W  4"  SS"" 


1  HERCULIS—B  403 

Star  good;  comparison  good. 


Curvature  Cor.  +0.0008  mm. 


Weighted   mean 

Va 

V,i 
Reduction  to  Sun 
Radial  Velocity 


5.5 


10.36 
0.22 


Measured  by  A. 
Power  17 


Ti  20.9299 

Standard 

±0.000 

4.3.38.084 

S    21.2447 

4.340.589 

-0.002 

4,340.6,34 

-0.047 

-3.3 

1 

Ti  26.8642 

4,387.044 

-0.0.37 

4.387.  (J07 

S    26.9867 

4388.095 

-0.0.35 

4,388.100 

-0.040 

2.7 

3 

Ti  28.3553 

4.399.9.53 

-0.018 

4.399.9.35 

Ti  31.41.56 

4427. 2&3 

+0.003 

4427.266 

S    .32.5444 

44.37.625 

+6.662 

44,37.718 

-0.091 

6.2 

2 

Ti  .33.7972 

Standard 

±0.000 

4449, 313 

Ti  3.5.8-235 

4468.6.51 

+0.012 

4468 . 663 

S    .36.1231 

4471.. 557 

+0.019 

4471.676 

-0.100 

6.7 

3 

S    37.1156 

4481.271 

+0.043 

4481.400 

-0.086 

5.8 

4 

Ti  .37.1282 

4481., 395 

+6.04,3 

4481.4.38 

Ti  44.0047 

Standard 

±0.000 

45.52.  &32 

S    44.00.54 

4552.640 

±0.000 

4552.750 

-0.110 

7.2 

3 

Mean  —5.3 


SoMMABT  OF  Measures  of  '  HERCULIS 


Plate 

Date 

Adams 

No.  of 
Lines 

Frost 

No.  of 
Lines 

A  251 
A  260 
B203 
B403 

IMl,  Sept.  27 
Oct.  3 
Oct.   18 

1902,  Sept.    3 

-17.8 
-17.7 
-15.3 
-16.1 

6 
5 
4 
6 

-isis 

-16.4 

'5 
6 

Mean  -16.7 

Mean  of  4  plates     —16.6  km. 
Mean  of  all  measures    —16.4  km. 
237 
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Radial  Velocities  of  Twenty  Stars 


17.     f.T  OPHIUCHI 

(R.  A.  =  17"  oG"";  Dec.  =  +2°  56  ;  Mag.  -i.O;  Class  Vc) 

Three  plates  of  this  star  have  beeu  measured,  three  by  A.,  and  one  by  F.     The  lines  present  in 
the  spectrum  are  few  in  number  and  rather  diffuse  in  character. 


1902,  May  14.  G.  M.  T.  19*"  14" 
Hour  antrle  E  1''  7™ 


67  OPHIUCHI— B  347 
Star  weak;  comparison  stronj; 


Measured  by  A. 
Power  17 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Com  p.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  26.524.3 

t.  m. 

Standard 

t.  m. 
+0.000 

t.  m. 

t.  m. 
4387.007 

t.  m. 

km. 

S    26.6119 

4.387.761 

-t-0.000 

4388.100 

-0.339 

—  2.3.2 

2 

Ti  35.1864 

4465.985 

-0.010 

4465.975 

S    35.7.=506 

4471.458 

-0.007 

4471.676 

-0.225 

15.1 

2 

S    36.7.347 

4481.107 

-1-0.000 

4481.400 

-0.293 

19.6 

1 

Ti  36.7682 

Standard 

-4-0.000 

4481.4.38 

S    43.6078 

45.^2.. 378 

+6.6i7 

4552.750 

-0.355 

23.4 

2 

Ti  43.6295 

45.52.615 

+0.017 

4552.632 

S    46.43J8 

45a3.798 

±0.000 

4584.018 

-0.220 

14.4 

1 

Ti  46.9877 

Standard 

±0.000 

4590.126 

Curvature  Cor.  +  0 .  0008  mm. 


Weighted  mean 
Va 
Vd 
Reduction  to  Sun 
Radial  Velocity 


-19.6 


+15.51 
+  0.10 


'+15.61 
-  4.0  km. 


Mean -19.1 


1902,  June  25,  G.  M.  T.  19"  41- 
Hour  angle  W  2*'  11™ 


67  OPHIUCHI— Ti  369 
Star  weak;  comparison  fair. 


Measured  by  A. 
Power  15 


Ti  .33. 5901 

Standard 

±0.000 

4465.975 

S    .31.1816 

4471.70.3 

±0.000 

4471.676 

-1-0.027 

+1.8 

1 

S    .35.1712 

4481. 3!n 

+0.002 

4481.400 

-0.007 

-0.5 

3 

Ti  .35.17.57 

4481.4.36 

+0.002 

4481.4.38 

Ti  .'».2693 

Standard 

±0.000 

4522.974 

Ti  42.(J514 

4.5.52.621 

-1-0.011 

4.552.6:52 

S    42.{fi88 

4.552.702 

-1-0.011 

4552.7.50 

-0.037 

-2.4 

2 

Ti  45.4160 

Standard 

±0.000 

4590.126 

Curvature  Cor.  +  0.0008  mm. 


Weighted  meiin 

-0.7 

Va 

-2.19 

v., 

-0.18 

Reduction  to  Sun 

-2.37 

Radial  Velocity 

-3.1  km. 

Mean  —  0.4 
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1902,  July  7,  G.  M.  T.  17'' 32" 
Hour  angle  Wl"  45"' 


67  OPHIUCHI     AMU 
Star  good;  comparison  good. 


Measured  by  A. 
Power  15 


Meau  (it  SeMings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Norm;.l  Wave- 
LeugtU 

Displacement 

Telocity 

Weight 

S    27.0710 

t.  m. 

4388.094 

t.  ni. 

t.  m. 
±0.0(» 

t.  m. 
4388.100 

t.  111. 
-0.006 

Icin. 
-0.4 

o 

Ti  28.0857 

Standard 

±0.000 

4399.935 

Ti  a3.&391 

4468.668 

-0.005 

4468.663 

S    as. 8791 

4471.798 

-0.005 

4471.676 

+0.117 

+7.8 

3 

Ti  34.6120 

4481.441 

-0.0U3 

4481.438 

S    34.6180 

4481.521 

-0.003 

4481.400 

+0.113 

+7.9 

4 

Ti  37.9791 

Standard 

■      ±0.000 

4527.490 

S    41.2400 

4575.018 

±0.000 

4574.900 

+0.118 

+7.7 

1 

Ti  47.8867 

Standard 

±0,(»0 

4682.088 

Ti  49.5012 

4710.417 

-0.049 

4710.368 

S    49.6696 

4713.429 

-0.049 

4713.. '508 

+0.072 

+4.0 

4 

Ciu'vature  Cor.  +0.0005  mm. 


+5.7 


Weighted  meau 

Va  —7.38 
Frt  —0.15 
Reduction  to  Sun  —7 

Radial  Velocity  —  1 


8  km. 


Mean  +5 . 5 


67  OPHIUCHI  —  A  346 


Measured  by  F.  with  Zeiss  Comparator 
Power  13 


Ti  32.491 

4a37.977 

+0.107 

4.a38.084 

S    36.978 

4388.069 

+0.020 

4:^88.100 

-0.011 

-0.8 

2 

Ti  37.992 

Standard 

±0.000 

4399.935 

Ti  43. 320 

4466.002 

-0.027 

4465.975 

S    43.760 

4471.705 

-0.017 

4471.676 

+0.072 

+4.8 

3 

Ti  44.493 

Standard 

±0.(XX) 

4481.4.38 

S    44.494 

4481.4.51 

±0.000 

4481.400 

+0.0.51 

+3.4 

4 

Ti  45.600 

4496.329 

-0.011 

4496.318 

Ti  49.587 

Standard 

±0.000 

4552.  &32 

S    49.594 

4.5.52. 7.a5 

±0.000 

4552.750 

-0.015 

-1.0 

'i 

Weighted  meau 
Ciu'vature  Cor. 

Va 

Va 
Reduction  to  Suu 
Radial  Velocity 


+2.5 
+1.41 


-7. .38" 
-0.15 


-7.53 


■3.6  km. 


Mean  +1.6 


Summary  of  Measures  of  67  OPHIUCHI 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

B347 
B  369 
A  346 

1902,  May  14 
June  25 
July    7 

-4.0 
-3.1 
-1.8 

5 
3 

5 

-3^6 

4 

Mean  -3.0 

Meau  of  3  plates   —3.3  km. 
Mean  of  all  measures   —3.1  km. 
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-3.6 


Radial  Velocities  of  Twenty  Stars 


18.    102  HERCULIS 

(R.  A.  =  IS"  4™;   Dec.  =  -|-20"48- ;  Mag.  4.5;  Class  IV;.) 

Four  plates  of  this  star  havo  been  measured,  four  by  A.,  and  one  by  F.     The   Hues   in   the  spec- 
trum are  diti'use,  and  not  well  adapted  to  accurate  measurement. 


1902.  July  2.3.  G.  M.T.  17"  53'" 
Hour  auL'le  VV  2"  0  " 


102  HERCULIS— k  358 
Star  good;  comparison  fair. 


Measureti  by  A. 
Power  13 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

r»  21.0816 

t.  lU. 

Standard 

t.  m. 
±0.000 

t.  m. 

t.  ni. 
4.^38.084 

t.m. 

km. 

S    25.5751 

4.388.053 

-0.015 

4388.100 

-0.062 

-4.2 

2 

Ti  26.1914 

4:»5.218 

-0.017 

4;»5.201 

Ti  28.8695 

4427.282 

-0.016 

4427.266 

S    29.7168 

4437.754 

-0.006 

44.37.718 

+0.U'50 

-f2.0 

1 

Ti  •■JO. 2141 

Standard 

±0.000 

4443.976 

Ti  .32.i:»5 

4468.613 

-1-0.050 

4468.663 

S    .•J2..-i669 

4471.582 

-1-0.049 

4471.676 

-0.045 

-3.0 

2 

Ti  .■8.2196 

4552.601 

-i-0.031 

4.552.  &32 

S    .38.2291 

4.552.741 

-1-0.031 

4552.750 

-t-0.022 

+1-4 

1 

Ti  :».9877 

Standard 

±0.000 

4563.9.39 

S    .39.2607 

4568.011 

±0.000 

4567.950 

-t-0.061 

-1-4.0 

1 

Curvature  Cor.  +0.0005  mm. 


Weighted  mean 

F„  -10.13 
Va  -  0.16 
Reduction  to  Sun 
Radial  \'elocity 


1.0 


10.29 


Mean  0.0 


-11.3  km. 


1902.  August  11,  G.  M.  T.  \&  V2r 
Hour  angle  \V  1  ^  So"" 


102  HERCULIS  -B  385 
Star  good;  comparison  good. 


Measured  by  A. 
Power  15 


Ti  21.1940 

Standard 

±0.000 

4.^38.084 

rf  27.1297 

4.387.052 

-0.045 

4387.007 

S    27  2.596 

4.388.167 

-0.044 

4:588.100 

-1-0.023 

+1.6 

1 

Ti  2S  6223 

4:599.971 

-0.tt36 

4:599.9.35 

S    30  5760 

4417.270 

-0.029 

4417.121 

-H).120 

8.2 

1 

Ti-M  fA" 

4417.913 

-0.029 

4417.884 

77  31  (i828 

4427,272 

-0.006 

4427.266 

S    .32  8."52J> 

44.37.825 

-0.003 

44:«.718 

+0.104 

7.0 

1 

Ti  .34  0647 

Standard 

±0.000 

4449.313 

T/.'W  0(J38 

44fi8.665 

-0.002 

H(iB.vm 

S    :«;.4078 

4471.708 

-0.002 

4471.676 

-1-0.030 
4-0.02.3 

2.0 

0 

S    .37.4<H0 

4481.424 

-0.001 

4481.400 

1,5 

1 

Ti.n.  4025 

4481.4:59 

-0,001 

4481.4:58 

r)44.27!i5 

45.52.612 

-H>020 

45.52.  &32 

S    44  2t).'fi) 

4.5.52.770 

+0,020 

45.52.7.50 

+0.040 

2.6 

2 

rj45..31.'r2 

Standard 

±0.000 

4.563.939 

Curvature  Cor.  +0.0009  mm. 


Weighted  mean 

Va 

Ri-(iuetion  to  Sun 
Radial  Velocity 


-15.36 
-  0.13 


+  8.5 


-15.49 
-12.0km. 


Mean +3.8 
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102  HERCULIS—B  385 


Measured  by  F. 
Power  13 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Lengtli 

Displacement 

Velocity 

Weight 

Ti  30.0027 

t.  ra. 
4337.991 

t.  m. 
+0,093 

t.  m. 

t.  m. 
4338.084 

t.  m. 

km. 

S    30.3396 

4340.675 

+6.088 

4340.634 

+0.129 

+8.9 

1 

Ti  35.9388 

Standard 

±0.(X)0 

4387.007 

S    36.0675 

4388.112 

±0.000 

4388.100 

+0.012 

+0.8 

2 

Ti  37.4313 

4399. 9a3 

+0.(X)2 

4399.9.^5 

Ti  40.4935 

4427. -266 

±0.000 

4327.266 

S    41.&344 

4437.7.39 

+0.002 

4437.718 

+0.023 

+1.6 

1 

Ti  42.8747 

4449.. '{(^ 

+6..  004 

4449.313 

Ti  45.1844 

4471.  .3M7 

+0.021 

4471.408 

S    45.2204 

4471.7.36 

+0-021 

4471.676 

+0.081 

+5.4 

2 

Ti  46.2120 

Standard 

±o.a)o 

4481.438 

S    46.2134 

4481.452 

±0.(J0<.) 

4481.400 

+0.052 

+3.5 

2 

Ti  53.0896 

4552.611 

+(1.021 

4552.6.32 

S    53.1003 

4552.727 

+0.021 

4552.750 

-O.CXB 

-0.1 

3 

Ti  56.4554 

Standard 

±0.(XKJ 

4590.126 

Curvature  Cor.  +  0.0013  mm. 


Weighted  mean 

V„ 

V.t 

Reduction  to  Sun 

Radial  Velocity 


-15..S6 
-  0.13 


+  2.7 


15.49 
-12.8  km. 


Mean  +3.3 


1902,  August  27,  G.  M.  T.  l.^"  0- 
Hour  angle  W  1"  28"^ 


102  HERCULIS—B  397 
Star  too  weak;  comparison  strong. 


Measured  by  A. 
Power  15 


Ti  23.4a54 

4387.005 

+0.002 

4.387.007 

S    23.6159 

4388.297 

+0.002 

4.388. 1(» 

+0.199 

+13.6 

2 

Ti  24.9590 

Standard 

±0.000 

4399.9.35 

Ti  28.0223 

4427.2(i;i 

+0.003 

4427.266 

Tj"  32.4369 

44(iS.6Sl 

-0.018 

4468. 6&3 

S    32.7593 

4471 . 805 

-0.014 

4471.676 

+0.115 

7.7 

3 

Ti  .33.7445 

Standard 

±0.000 

4481.4.38 

S    .33.7507 

4481.499 

±0.000 

4481.400 

+0.099 

6.6 

Ti  40.6291 

45.52.634 

-0.(X)2 

4.552.6.32 

S    40.6.590 

4.5.52  '.I.37 

-0.002 

4552.750 

+0.185 

12.2 

2 

Ti  41.6619 

Standard 

±0.0t)0 

4.5(33.9.39 

S    42.0462 

4568.189 

-0.020 

4.567.950 

+0.219 

14.4 

1 

Ti  42.4064 

4.572.195 

-0.0,39 

4572.156 

Curvature  Cor.  +0.0009  mm. 


Weighted  mean 

Va 

Reduction  to  Sun 
Radial  Velocity 


+10.3 
-18.64 
-  0.12 

-18.76 


8.5  km. 


Mean  +10.9 


1902,  September  3,  G.  M.  T.  Ih''  10- 
Horn-  angle  W  2"  O"" 


102  HERCULIS—B  402 
Star  rather  weak;  comparison  strong. 
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Measured  by  A. 
Power  17 


Ti  21.1240 

Standard 

±0.000 

4338.084 

Ti  27.0559 

4.387.0.56 

-0.049 

4.387.007 

S    27.1998 

4,388.291 

-6.049 

4.388.100 

+0.142 

+  9.7 

1 

Ti  28.5484 

4.399.982 

-0.047 

4.399.9,35 

Ti  29.8296 

4411.283 

-0.043 

4411.240 

S    30.2799 

4415. 300 

-0.043 

4415.076 

+0.181 

12.3 

2 

Ti  .30.5728 

4417.927 

-0.043 

4417.884 

Ti  .31.6073 

4427.286 

-0.020 

4427.266 

S    32.7566 

4437.8.39 

-0.007 

44.37.718 

+0.114 

7.7 

2 

100 


Radi.\l  Velocitie.s  of  Twenty  St.\rs 


102  HERCULIS~B  4.02— Continued 


Mean  of  Settings 

Wave- Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

r|- as. 4167 

t.  m. 
4443.975 

t.  m. 
+0.001 

t.  m. 

t.  m. 
4443.976 

t.  ni. 

km. 

Ti  36.0140 

Standard 

±0.000 

4468. 6&3 

S    .36.3404 

4471.829 

-0.001 

4471. G76 

+0.152 

10.2 

3 

Ti  37.3224 

4481.441 

-6.66.3 

4481.4.38 

S    37.3290 

4481.506 

-o.oas 

4481.400 

+0.103 

6.9 

2 

Ti  44.1950 

4552.603 

+0.029 

4.552.632 

S    44.2215 

4552.891 

+6.629 

4552.750 

+0.170 

11.2 

2 

Ti  45.2260 

4563. 905 

+6.6,34 

45&3.939 

S    45  6087 

4568.151 

+0.014 

4.567.950 

+0.215 

14.1 

3 

Ti  45.96a3 

4572.161 

-0.005 

4572.156 

S    46.2301 

4575.079 

-0.004 

4574.900 

+0.175 

11.5 

2 

Ti  47.5587 

Standard 

±0.000 



4590.126 

Curvature  Cor.  +0.0008  mm. 


Weighted  mean 

Va 

Vd 
Hetluction  to  Sun 
Radial  Velocity 


-19.65 
-  0.16 


+10.6 


■19.81 
■  9.2km. 


Mean  +10.4 


Summary  of  Me.^sures  of  102  HERCULIS 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

A358 
B385 
B397 
B402 

1902,  July  23 
Aug.  11 
Aug.  27 
Sept.  3 

-11.3 
-12.0 

-  8.5 

-  9.2 

5 

6 
5 

8 

-12^8 

1 

6 

Mean  -10.3 

Mean  of  4  plates 
Mean  of  all  measures 


-10.4  km. 
■10.8  km. 


-12.8 


lit.   77  LYRAE 
(R.A.=  19"  10-;  Dcc.=  +  38'  58';  Mag.  4.5;   Class  IV^) 
Four  plates  of  this  star  have  been  measured,  four  by  A.,  and  two  by  F.     The  spectrum  contains 
but  few  lines,  and  the.se  are  not  very  sharply  defined,  so  that  accurate  measurement  is  difficult. 


1902,  Julv  31,  G.  M.  T.  20"  51" 
Hour  angle  W  4"  21"' 


vLYHAE~\'6i\h 
Star  fair;  compari.son  good. 


Curvature  Cor.  +O.0fX)5  mm. 


Weighted  meiiu 

-  7.8 

Va 

-2.45 

Va 

-0.24 

Kf<liiction  to  Sun 

-  2.69 

R^idial  Velocity 

-10.5  km 

2J2 

Measured  by  A. 
Power  21 


S    27.4920 

4.388.029 

±0.000 

4.388.100 

-0.071 

-4.9 

1 

Ti  28.. 5143 

Standard 

±0.000 

4.399.9,35 

Ti  .30.7921 

4427.273 

-0.007 

4427.266 

S    .31.6288 

44.37.606 

-0.004 

4437.718 

-0.116 

7.8 

2 

Ti  .32.. 5612 

Standard 

±0.000 

4449.. 313 

7'j.31.(Jf!95 

44(».691 

-0.028 

4468.663 

S    .34  2!n5 

4471.. 590 

-0.022 

4471.676 

-0.108 

7.2 

2 

S    .35.(J255 

4481.264 

±0.000 

4481.400 

-0.1.36 

9.1 

3 

Ti  .35.0386 

Standard 

±0.000 

4481.4.38 

Mean  -7.3 


Edwin  B.  Frost  and  Walter  S.  Adams; 
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1902.  September  13,  G.  M.  T.  17"  57- 
Hour  aiiL'le  W  1"  20'° 


vLYRAE  —  BiOd 
Star  weak;  comparison  good. 


Measured  by  A. 
Power  15 


Mean  of  Settings 

Wave-Length  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

Ti  22.447.3 

t.  m. 
4.387.014 

t.  ni. 

-0.007 

t.  m. 

t.  m. 
4.387.007 

t.  m. 

km. 

S    22.5690 

4.388.060 

-0.006 

4.388.100 

-0.046 

-3.1 

2 

Ti  23.9.362 

Standard 

±0.000 

4.399.9.35 

S    25.87(3 

4417. ia3 

+0.001 

4417.121 

-0.017 

-1.2 

1 

Ti  25  9.569 

4417.883 

+o.o6i 

4417.884 

Ti  26.9923 

4427.208 

-0.002 

4427.266 

S    28.1365 

44.37. 71 1.-! 

-0.004 

44.37.718 

+0.071 

+4.8 

3 

Ti  28.8010 

4443.1181 

-6.665 

4443.976 

Ti  31.11.53 

Standard 

±0.000 

4465.975 

S    31.7046 

4471,088 

+0.003 

4471.676 

+0.015 

+1.0 

3 

Ti  32.6982 

4481.429 

-I-0.0L9 

4481.4.38 

S    32.6941 

4481. 388 

+0.009 

4481.400 

-0.003 

-0.2 

3 

Ti  39.5651 

Standard 

±0.000 

4,5.52.  (>i2 

S    39.5829 

4552.826 

±6.666 

4.5.52.7.50 

+0.076 

+5.0 

1 

Curvature  Cor.  +0.0008  mm. 


1902,  October  15,  G.  M.  T.  14"  12' 
Hour  angle  W  2"  45"' 


Weighted  mean 

Va 

Vd 
Reduction  to  Sun 
Radial  Velocity 


+  1.1 

■11.51 

-  0.24 

-11.75 
-10.6  km. 


V  LYRAE-~B422 
Star  fair  ;  comparison  good. 


Curvature  Cor.+0.0009mm. 


Weighted  mean 
Va 
Va 
Reduction  to  Sun 
Radial  Velocity 


14 .  54 
-  0.17 


+  6.7 


LYRAE-'B  422 


Curvature  Cor.  +0.0013  mm. 


Weighted  mean 

Va 

Va 
Reduction  to  Sun 
Radial  Velocitv 


-14.54 
-  0.17 


+12.1 


14.71 
2.6  km. 


Mean  +1 . 1 


Measured  by  A. 
Power  21 


Ti  29.6491 

Standard 

±0.000 

43,38.084 

S     29.9775 

4.'«0.698 

±0.000 

4.340.6.34 

+0.064 

+4.4 

1 

S     a5.7220 

4.388,258 

±0,000 

4:388. 1()0 

+0.158 

10.8 

2 

Ti  36.5256 

Standard 

±0.00(J 

4.395.201 

Ti  40.1270 

4427.2,53 

+0.013 

4427.266 

S     41.2721 

44.37.777 

+0.009 

44.37.718 

+0.008 

4.6 

1 

Ti  41.9376 

4443.969 

+0.007 

4443.976 

Ti   44.5.326 

4408 . 009 

-0.006 

4468.663 

S     44.8526 

4471.778 

-0.004 

4471.676 

+0.098 

6.6 

1 

Ti  45.8,379 

Standard 

±0.000 

4481.4.38 

S     45.8425 

4481.483 

±0.000 

4481.400 

+0.083 

5.6 

3 

Mean    +6.4 


Measured  by  F. 
Power  13 


Ti  30.07.39 

Standard 

±0.000 

4.3.38.084 

S     30.4100 

4:^0.762 

-6.662 

4,340.  &34 

+0.126 

+  8.7 

'A 

S     36.1563 

4,3,88., 376 

-0.0.36 

4,388 .  100 

+0.240 

16.4 

2 

Ti   .36.9505 

4,395.241 

-0.040 

4,395.201 

Ti  44.9578 

4468 . 680 

-0.02.3 

4468.6(33 

S     45.2926 

4471.9:36 

-0.017 

4471.676 

+0.243 

16.3 

3 

Ti  46.2628 

Standard 

±o.a)o 

4481.4,38 

S     46.2719 

4481., 528 

±0.0U0 

4481.400 

+0.128 

8.6 

3 

Ti  54.1648 

Standard 

±o.ouo 

4503.9,39 

S     54.5,322 

4,508.011 

-o.6i6 

4567 . 9,50 

+0.051 

3.4 

1 

Ti  54.9059 

4572.176 

-0.020 

4.572.156 

Mean +10.7 
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R.\Di.\L  Velocities  of  Twenty  Stars 


1902,  October  16,  G.  M.  T.  15"  32" 
Hour  angle  Wi"  23™ 


vLYKAE-'B421 
Star  weak;  comparison  good. 


Measured  by  A. 
Power  21 


Mean  of  Settings 

Wave-LpnBth  by 
Formula 

Correction  to 
Comp.  Lines 

Correction  to 
Star  Lines 

Normal  Wave- 

Length 

Displacement 

Velocity 

Weight 

Ti  25.6843 

t.  m. 
4386.989 

t.  m. 
+0.018 

t.  m. 

t.  m. 

4387.007 

t.  m. 

km. 

S     25.8232 

4.388.183 

+6.6i6 

4.388.100 

+0.099 

+  6.8 

2 

Ti  27.1756 

Standard 

±0.000 

4.399. 9a5 

Ti  30.2336 

4427.297 

-0.031 

4427.266 

S     31.3788 

4437.8.37 

-6.626 

44.37.718 

+0.099 

6.7 

2 

Ti  32.0390 

4443.989 

-0.013 

4443.976 

Ti  34.6291 

4468.668 

-0.005 

4468.663 

S     35.9.322 

4481.424 

±6.666 

4481.400 

+0.024 

1.6 

3 

Ti   35.9.3.36 

Standard 

±0.000 

4481.4.38 

Ti   42.7896 

45,52.595 

+0.0.37 

4,5.52.632 

S      42.8125 

45.52.845 

+6.037 

4552.7.50 

+0.132 

8.7 

1 

Ti    43.8220 

Standard 

±0.000 

4563.9.39 

S      44.1927 

4568.055 

±6.666 

4567.950 

+0.105 

6.9 

2 

Curvature  Cor.  +  O.OOOS  mm. 


+  5.4 


Weighted  mean 

Va   -14.57 

V,i   -  0.24 
Reduction  to  Sun 
Radial  Velocity  -  9.4km. 


-14.81 


r,  LYRAE^B  421 


Curvature  Cor.  +  0.0013  mm. 


Weighted  mean 

Va 

V.i 
Reduction  to  Sun 
Radial  Velocity 


+  7.2 


14.57 
0.24 


-14.81 
-   7.6km. 


Mean +  6.1 


Measured  by  F. 
Power  13 


Ti  30.0406 

Standard 

±0.000 

4.387.007 

S     .30.ia35 

4.388.062 

+0.000 

4.388.100 

-0.038 

-  2.6 

1 

Ti  .34.5896 

Standard 

±0.000 

4427.266 

S     35.7.360 

44.37.817 

-0.003 

44.37.718 

+0.096 

+  6.5 

1 

Ti  36.9&53 

4449.. 320 

-0.007 

4449.313 

Ti  39.2676 

4471.412 

-0.004 

4471.408 

S     .39.. 3137 

4471.861 

-6.664 

4471.676 

+0.181 

+12.1 

3 

Ti  40.2880 

Standard 

±0.000 

4481.438 

S     40.2929 

4481.487 

±0.000 

4481.400 

+0.087 

+  5.8 

3 

Mean  +5.5 


Summary  op  Measures  of  vLYRAE 


Plate 

Date 

Adams 

No.  of  Lines 

Frost 

No.  of  Lines 

A  .3&5 
B  409 
R  422 
B  427 

1902,  .July  31 
Sept.  13 
Oct.  15 
Oct.  16 

-10.5 
-10.6 

-  8.0 

-  9.4 

4 
6 
5 
5 

-2^6 

-7.6 

5 

4 

Mean 
Mean 

-  9.6 
;ean  of  4  pla 
of  all  measi 

tes    —  8.7ki 
a-es   —9.1k 

n. 
n. 

-5.1 

20.  e  DELPHINI 

(E.  A. =20"  28'";  Dec.=  +10°  .58' ;  Mag.  4.1;  Class  Va) 
Four  j)Lites  of  tliis  star  have  been  measured,  all  of  them  by  A.     The  spectrum  contains  very  few 
lines,  among  them  traces  of  one  or  two  oxygen  lines,  and  all  of  these  are  poorly  defined. 
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1902,  Julj  11.  G.  M.  T.  17*55- 
Hoot  angle  E  P 11- 


e  DELPHIXI—\  349 
Star  weai  -  2o>Td. 


M^_.-.:;  7  A. 

Po^er  ii 


Mean  o<  Senings 

^'    -_       -^         B^.^.. 

V.?iari35r 

W«.+t 

ma. 

■. 

wS. 

--      .                              :-  -  - 

i_. 

Ti  30.1315 

S:.ir  --: 

1 1 

433^    Ki 

S    ao.36*2 

4  -i- 

-^O.Ott) 

—  i."    " 

|i        1 

Ti  ^<y?^ 

S:^~ 

-o.uw 

--  -  -  ; 

S     •>>  92To 

■U".  t     •' - 

-0.001 

-_' "     "                 _     "  ■  - 

1 

Ti  .31  iiK 

i-i- :-     .  , 

-O.O08 

^-  ;-  - .- . . 

S     .31  «i6 

t;':  ■-••i 

-c  t  -: 

i.:.7'    '"-■                     _■    "i 

■~^   -' 

2 

S     32  1652 

iis      s  ^ 

4-0       M 

i.L»"     i.  1                          _      -".*-■ 

;>.    .. 

4 

Ti  32.2129 

Su.^.i.i.-j. 

±0.000 

ii;i.i;> 

Currature  Cor.  -i-  OjOWV;  ■ 


\V--^>-  -  -^ 


-38.2 

-r.    Skin 


Mean  —37. 


1902,  JuIt  16.  G.  M.  T.  1^  4S' 
Hoar  angle  W  Of  5° 


Ti 

23 

«727 

S 

24 

C«96 

Ti 

28 

S«&4 

Ti 

29 

••KK 

Ti 

34 

j'loe 

S 

35 

13» 

S 

.35 

8739 

Ti 

35 

9U2 

4V>   ->>! 

44T1   IW 

44*.'  i^2 

Standard 


-0.008 
±0.000 
40.008 


±0.000 


Measmed  b  J  A. 
Powier  17 


±0.000 


-H>.0D6 
±0.000 


Corratiue  Cor.  —  0.0il<6  mm. 


-32.9 


M^iiii  -32.2 


r.  j^  «  22 


-  S  21 
-24.7  km. 


1902.  JuIt  23.  G.  M.  T. 
Hour  angle  W  1 '  3^"^ 


Measured  bv  A. 
Power  13 


Ti  25.0552 

Standard 

±0.000 

4.>'>    :81 

S    25  2773 

4.3t0  1^9 

-o.inm 

_i  7_^  '    -7?^                          _        1  ^.- 

-3i  3 

s 

S    2&  .>42IJ 

4  >"    "  ' 

_       1  > 

...  -          1 

1 

TiJf)  137^ 

i  •■■'    - 

'  ■ 

Ti  32  STol 

S:-- 

1 1 

;r.          _     ■ 

Ti  .34  21a7 

4-t-i  -   ^.-ii 

Ti  .3S  14* 

iitiS.-KS 

S    -36  .3447 

44n  >?76                  -0.4^5 ' 

2».» 

1 

S    .37  0*2 

-1  .-< 

—--    4-.U                          —  .     ij. 

-S  . 

Ti  .37  117-5 

44--    4  J- 

Ti  .38  ecaj 

Sr:^' 

:          '  ' 

^.» -r^j 

Cunature  Cor.  HtOjOOOS  mm. 


-31. 


Mean  —31-6 


;-. 

-{-5.28 

r,, 

-0.14 

E 

-^an 

+  5-U 

R 

:r 

-26.4  km. 
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Radial  Velocities  of  Twenty  Stars 


1902,  July  31,  G.  M.  T.  16"  45" 
Hour  angle  E  1"  5° 


€  DELPHINI—k  363 
Star  slightly  weak;  comparison  good. 


Measured  by  A. 
Power  13 


Mean  of  Settings 

WaTo-L.;aj:tli  by 
Formola 

Corrcctioa  to 
Comp.  Lanes 

Correction  to 
Star  Lines 

Normal  Wave- 
Length 

Displacement 

Velocity 

Weight 

mm. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

km. 

Ti  22.5790 

4.'»6.956 

+0.051 

4387.007 

S    22.&325 

4:«7.574 

+0.049 

4:«8.HX) 

-0.477 

-32.6 

1 

Ti  23.6921 

Standard 

±0.000 

4399.935 

S    25.1(X).3 

4416.725 

-0.018 

4417.121 

-0.414 

28.1 

1 

Ti  25.1978 

4417.903 

-0.019 

4417.884 

Ti  25.9676 

4427.277 

-0.011 

4427.266 

S    26.78;« 

4437.. 355 

-0.027 

4437.718 

-0.390 

26.4 

1 

Ti  27.7.S98 

4449.360 

-0.047 

4449.313 

Ti  29.2448 

4468. 6a3 

-0.020 

4468.663 

S    29.4421 

4471.257 

-o.oie 

4471.676 

-0.4.35 

29.2 

2 

S    30.1842 

4481 .020 

±0.000 

4481.400 

-0.380 

25.4 

2 

Ti  30.2157 

Standard 

±0.000 

4481.438 

Ti  37.8308 

Standard 

±0.000 

4590.126 

Curvature  Cor.  +0.0005  mm. 


Weif.rhted  mean 


-2.80 


Va  +1.91 
Vd  +0.09 


Reduction  to  Sun 
Kadial  Velocity 


+^2.00 
-26.0  km. 


Mean  -28.3 


Summary  of  Measdbes  of  e  DELPHINI 


Date 


A  349 
A  353 
A  359 
A  3&3 


19(J2,  July  11 
July  16 
July  23 
July  31 


-27.8 
-24.7 
-26.4 
-26.0 


Mean 

Mean  of  all  measures 


-26.2  km. 
-26.2  km. 


SUMMARY  OF  RADIAL  VELOCITIES 

The  table  which  follows  gives  a  summary  of  the  results  for  the  stars  which  we  have  considered  in 
this  pajjer.  As  the  final  velocity  of  each  star  the  mean  of  all  the  measures  has  been  adopted,  so  that 
a  plate  measured  by  both  observers  will  have  twice  as  much  weight  as  a  plate  measured  by  only  one. 
This  procedure  has  seemed  preferable  to  that  of  assigning  unit  weight  to  each  plate  without  regard  to  the 
number  of  measures  made  of  it,  but  the  difference  between  the  values  found  in  the  two  ways  is  in  gen- 
eral very  slight,  as  a  brief  inspection  of  the  summaries  given  at  the  end  of  the  detailed  measurements 
of  each  star  at  once  show.s.  Column  six  of  the  table  below  accordingly  gives  the  total  luimber  of 
mea.sures  for  the  individual  stars,  while  the  following  column  indicates  the  epoch  to  which  tlie  final 
velocity  belongs.  For  comparison  a  list  of  the  proper  motions  of  the  stars  is  aj)pended,  the  values 
of  which  have  been  very  kindly  communicated  to  us  by  Professor  Lewis  Boss,  in  advance  of  their 
publication  in  his  "Catalogue  of  ()'J7  Princi|)al  Standard  Stars"  in  the  Astroiiomicn]  .limriKil  (Nos. 
531,  o.S'2,  February,  1903).  For  the  three  stars  not  included  in  his  "Catalogue"  (07  Ophiiiriti,  102 
HfTcuUx,  and  j?  Lifrcie)  Professor  Boss  was  good  enough  to  furnish  us  with  values  in  systematic 
conformity  therewith.  The  pro[)er  moti(jns  correspond  to  Professor  Newcomb's  vahie  nf  llie  pro- 
cession. 
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Proper  Motion 

Star 

R.  A. 

Dec 

Radial 

Velocity 

No.  of 
Meas- 

Epoch 

Mag. 

R.  A. 

Dec. 

(ireat 
Circle 

3.0 

7  Pegasi 

Oh  08" 

+  14° 

38' 

km. 

+    5.4 

12 

1902 . 06 

0?0000 

—Of  013 

Of  013 

3.7 

f  Cassiopeiae 

0    31 

+  53 

21 

+   2.9 

tj 

1902 . 10 

+0.0024 

-0.007 

0.023 

3.6 

e  Cassiopeiae 

1    47 

+  63 

11 

—   5.9 

8 

1902 . 08 

+0.0058 

-0.017 

0.043 

3.1 

^  Persei 

3    48 

+31 

35 

+  22.1 

7 

1901.95 

+0.0009 

—0.017 

0.020 

0.3 

^  Orionis 

5    10 

—  8 

19 

+20.7 

24 

1901.95 

+0.0001 

-0.001 

0 .  002 

1.9 

7  Orionis 

5    20 

+    6 

15 

+  18.0 

10 

1901.98 

-0.0004 

—0.019 

0.020 

1.8 

e  Orionis 

5    31 

—  1 

16) 

+26.7 

7 

1902.05 

0.0000 

-0.002 

0.002 

1.9 

?  Orionis 

5    36 

—  2 

00 

+  18.3 

7 

1902 . 52 

+0.0005 

—0.007 

0.010 

2.2 

K  Orionis 

5    43 

-  9 

42 

+  17. 1 

10 

1901.88 

+0.0001 

-0.005 

0.005 

2.0 

/3  Cants  Majoris 

6    18 

-17 

54 

+32. 6 

5 

1901.84 

-0.0004 

0.000 

0.006 

1.5 

e  Cants  Majoris 

6    55 

-28 

50 

+  27.2 

4 

1902.61 

+0.0004 

—0.001 

0.005 

3.6 

Tj  Leonis 

10    02 

+  17 

15 

+  3.5 

5 

1902.31 

-0.0001 

-0.012 

0.012 

2.8 

7  Corvi 

12    11 

—  16 

59 

—  7.0 

() 

1!)02 .  27 

—0.0113 

+0.011 

0.162 

3.9 

T  Herculis 

16    17 

+46 

33 

—  12. 7 

(; 

1902 . 21 

-0.0012 

+0.031 

0.033 

3.3 

?  Draconis 

17    08 

+65 

50 

—14.4 

8 

1902.19 

-0.0021 

+0.020 

0.024 

3.9 

I  Herculis 

17    37 

+46 

04 

-16.4 

6) 

1901.92 

—0.0010 

-0.006 

0.012 

4.0 

67  Ophiuchi 

17    56 

+  2 

56 

—  3.1 

4 

1902.47 

+0.0003 

-0.016 

0.017 

4.5 

102  Herculis 

18    04 

+  20 

4S 

—  10,8 

5 

1902.62 

+0.0003 

-0.011 

0.012 

4.5 

1]  Ljjrae 

19    10 

+38 

58 

—  9.1 

6 

1902.74 

-0.0002 

-0.004 

0 .  005 

4.1 

€  Delphini 

20    28 

+  10 

58 

—26. 2 

4 

1902.55 

+0.0006 

-0.026 

0.027 

The  distribution  of  positive  and  negative  velocities  in  the  table  shows  clearly  the  direction  of 
the  motion  of  the  Sun  in  space,  although  the  number  of  stars  is,  of  course,  much  too  small  to  warrant 
the  determination  of  the  apes  or  velocity.  Conversely,  the  position  of  the  apex  is  not  accurately  enough 
known  to  make  it  seem  desirable  to  tabulate  the  radial  velocities  corrected  for  the  solar  motion.  It 
is  evident  on  inspection,  however,  that  the  absolute  velocities  of  these  stars  are  very  small,  and  a 
computation,  based  upon  Newcomb's  adopted  apex  (K.  A.  =  277?5;  Dec.=  +35°)  and  CampbelFs  solar 
velocity  (19.9  km.),  gives  7.0  km.  as  the  mean  of  the  twenty  radial  velocities  after  correction  for  the 
solar  motion;  if  the  sign  be  regarded,  the  mean  becomes  +4.6  km.  The  exceedingly  small  proper 
motions,  for  stars  as  bright  as  these,  are  striking  (in  the  mean  Of 023;  or,  omitting  7  Corvi,  which  is 
exceptional,  Of 015),  being  much  smaller  than  for  solar  stars  of  corresponding  brightness,  and  indicate 
that  the  stars  of  the  Orion  type  are  as  a  class  very  remote.  The  bright  stars  of  the  constellation 
Orion  evidently  group  themselves  both  as  to  the  direction  and  magnitude  of  their  motions. 

The  radial  velocities  of  but  four  of  the  stars  in  the  list  have  been  previously  published,  by  Vogel 
and  Scheiner  in  Vol.  VII  of  the  Potsdam  Publications.      They  are  as  follows: 

p  Orionis   -         -         -         -    +16.3  kin.  e  Orionis    -         -        -        -    +26.7 

y  Orionis        -        -        -        +8.9  ^  Orionis        -        -        -        +14.8 

Except  in  the  case  of  7  Orionis  the  agreement  with  the  values  which  we  have  foimd  above  is 
quite  satisfactory  in  view  of  the  character  of  the  spectra,  which  are   most  difficult  of  measurement. 

In  the  course  of  our  observations  the  following  seven  stars  with  spectra  of  the  Orion  type  have 
been  found  to  have  variable  radial  velocities,  and  are  reserved  for  discussion  elsewhere:'^ 
S  Ceti ;  vEridani;  v  Orionis:  PCephei;  o  Persei:  ir'Orionis;  i  Tauri. 

IsSee  Astmphiisk-nl  Jouninl,  Vol.  SV  (1902),  pp.  2U,  3i0;  ibid..  Vol.  SVII  (190.'!),  pp.  1.50-52. 
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REM.\RKS  ox  THE  CLASSIFICATIOX  OF  THE  SPECTRA 

Although  all  of  the  stars  which  we  have  investigated  in  this  paper  belong  to  type  16  of  Vogel's 
classification,  their  spectra  vary  greatly  both  as  regards  the  number  and  the  character  of  the  lines 
present,  and  a  few  subdivisions  are  certainly  desirable.  Miss  Maury's  classification  is  excellent  in 
this  respect,  and  has  the  great  advantage  of  being  based  upon  photographs  which  show  a  very  wide 
range  of  spectrum,  including  the  valuable  H  and  K  region.  From  this  point  of  view  any  attempt  at 
classification  based  upon  the  limited  range  of  spectrum  given  by  a  high-dispersion  spectrograph  must 
be  distinctly  inferior.  A  further  disadvantage  in  discussing  the  characteristics  of  the  spectra  which 
we  have  obtained  lies  in  the  fact  that  the  quality  of  plates  best  adapted  to  determinations  of  radial 
velocity  is  generally  quite  different  from  that  which  would  be  most  suitable  for  qualitative  examina- 
tion; and  the  greater  density  demanded  may  effectually  conceal  some  of  the  fainter  lines  present  in 
the  spectra.  On  the  other  hand,  the  higher  dispersion  and  consequent  broadening  of  the  spectral  lines 
undoubtedly  enable  one  to  judge  much  better  of  tlie  behavior  and  character  of  the  individual  lines 
than  would  be  possible  with  low  dispersion  and  a  small  scale.  At  most,  however,  the  classification  of 
such  a  limited  number  of  stars  as  we  deal  with  here  must  of  necessity  be  mainly  empirical,  and  any 
order  of  arrangement  will  represent  rather  the  succession  of  the  various  spectra  as  regards  complexity 
and  character  of  the  lines  than  the  sequence  of  development  of  the  stars  themselves. 

The  lines  which  occur  in  the  spectra  of  the  stars  which  we  have  investigated,  and  upon  which 
any  classification  must  be  based,  are  due  to  the  following  elements:  hydrogen,  helium,  magnesium, 
silicon,  oxygen,  and  nitrogen.  In  some  stars  faint  metallic  lines  also  appear,  and  there  are  a  few 
lines  as  yet  unidentified.  The  extent  of  spectrum  included  in  this  examination  of  our  plates  is  from 
\-1800  to  X4720. 

In  what  are  probably  the  earliest  stars  of  this  type  in  order  of  development  no  lines  are  present 
with  the  exception  of  the  hydrogen  and  stronger  helium  lines,  and  these  are  faint,  and  extremely 
broad  and  diffuse.  Most  of  them  contain  the  line  H7'  at  X.  4o-42,  which  belongs  to  the  sei'ies  of 
hydrogen  lines  first  found  by  Pickering  in  the  si)ectrum  of  ^  Puppia,  and  some  of  them  show  the 
line  at  X-i68fi,  which  Rydberg  calls  the  first  lino  of  the  hydrogen  spectrum.  Both  of  these  lines  are 
represented  by  bright  bands  in  the  spectra  of  stars  of  the  Wolf-Rayet  type.  In  the  stars  which 
appear  most  naturally  to  come  next  in  order  these  lines  disappear,  and  the  hydrogen  and  helium  lines 
increase  in  strength,  at  the  same  time  becoming  narrower  and  more  sharply  defined.  Tli(>  earliest  of 
this  group  of  stars  show  traces  of  the  magnesium  line  at  A.  44^1,  and  the  silicon  lines  at  \4."')."),'5,  \  l.KJS 
and  X4575.  While  the  magnesium  line,  however,  rapidly  increases  in  strength,  becoming  in  the  later 
stars  of  the  group  one  of  the  most  prominent  lines  in  the  spectrum,  the  silicon  lines  remain  com- 
paratively unimportant.  The  spectra  of  the  furthest  developed  stars  of  this  sort,  such  as  i  Hcrriiliti 
and  /3  Orioui>i,  are  characterized  by  strong  and  fairly  well  defined  lines  of  hydrogen  and  helium,  a 
strong  and  narrow  line  at  X  4481.  and  traces  of  the  silicon  lines.  Faint  metallic  lines  also  appear 
at  this  point,  the  most  prominent  being  at  X4y50  and  \45S4,  and  indicate  the  connection  of  these 
stars  with  those  distinguished  by  metallic  lines.  These  last  are  represented  among  the  stars  investi- 
gated by  ^  Tdiiri,  y  Corvi,  and  TjLeoiiis,  and  show  a  great  decline  in  intensity  for  the  helium  lines 
accompanying  the  rise  of  the  metallic  lines.  The  magnesium  line  \4481,  however,  is  very  weak  in 
the  case  of  ?  Taiiri,  though  strong  in  the  other  two  stars,  and  this  fact,  together  with  the  remarkable 
character  of  its  hydrogen  lines,  which  are  of  a  sharpness  and  brilliancy  not  approached  in  any  of  the 
other  stars,  makes  the  spectrum  of  this  star  one  of  the  most  interesting  that  we  have  cncoiuiliTcd. 

Up  to  this  [Kjint  the  order  of  succession  of  the  spectra  seems  to  he  faiily  rliar.  Iml  tlmse 
containing  oxygen  and  nitrogen  lines  are  much  harder  to  classify.  This  difficulty  arises  from  the  fact 
that  in  other  respects  they  seem  to  be  almost  identical  with  those  which  we  have  just  considered. 
There  is  the  same  rise  in  intensity  and  increase  in  sharpness  on  the  part  of  the  hydrogen  and  helium 
lines,  and  the  magnesium  line  a])[)ears  and  develops  in  almost  exactly  the  same  way,  reaching  nearly, 
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though  never  quite,  the  intensity  which  it  has  in  such  stars  as  /3  Orio)iif!.  On  the  other  hand,  w(*  hnd 
in  the  earliest  stars  of  this  group  the  beginnings  of  a  whole  series  of  oxygen  and  nitrogen  lines  which 
develop  simultaneously  with  the  hydrogen,  helium,  and  magnesium  lines,  and  attain  in  the  later  stars 
of  the  group,  such  as  ^  Cants  Majoris  and  y  Pcgasi,  a  high  degree  of  prominence.  The  fact  that  the 
three  silicon  lines,  which  in  the  stars  considered  before  never  became  at  all  marked  features  of  the 
spectrum,  now  follow  the  behavior  of  the  oxygen  and  nitrogen  lines  and  gain  in  intensity  with  them, 
is  of  interest  as  showing  that  the  stellar  conditions  seem  to  be  favorable  to  the  simultaneous  develop- 
ment of  the  spectra  of  the  three  elements.  An  examination  of  these  chai-acteristics  of  the  spectrum 
appears  to  make  the  relationship  of  this  group  of  stars  to  that  which  we  have  considered  before  one 
of  parallelism  rather  than  succession.  For  while  the  order  of  succession  of  the  individual  stars  within 
the  two  groups  is  so  well  defined  as  to  preclude  the  insertion  of  either  within  the  other,  an  attempt 
to  make  one  follow  or  precede  the  other  would  be  equally  difficult,  without  the  assumption  of  the 
absence  of  more  connecting  links  than  would  be  justified.  Accordingly,  it  has  seemed  best  to  assume 
a  point  of  division  immediately  after  the  earliest  stars  of  the  list,  and  to  arrange  the  stars  exhibiting 
no  oxygen  or  nitrogen  lines  in  their  spectra  along  one  branch,  while  the  stars  which  are  characterized 
by  such  lines  proceed  along  the  other. 

In  the  following  table  the  twenty  stars  discussed  in  this  paper,  together  with  some  others  of 
this  type  of  which  we  have  one  or  more  plates,  are  collected  and  arranged.  Those  whose  spectra  are 
very  closely  allied  are  connected  with  brackets,  and  within  the  brackets  the  individual  stars  are  placed 
in  the  order  of  increasing  intensities  of  the  lines  mentioned. 


KDraconis  Only  hydrogen  and  stronger  helium 

I  Orion  is  l^liues    present    with    H7'   and  XKifSG. 

SMonocerotis  All  lines  extremely  broad  and  diffuse. 

X  Orionis  J  Possibly  a  trace  of  X4481  in  X  Orionis. 


ir^  Orionis                      "^ 

All  lines  growing 

^Orionis 

fDelphini 

narrower     and 

(Orionis 

eCassiopeiae 
vLyrae 

sharper,  with 
.  X4481  and  helium 

K  Orionis 

iDraconis 

lines  stronger. 

T  Herculis 

Traces  of  silicon 

1.  Herculis 

lines.   No  oxygen 

67  Ophiuchi 

p  Orionis                       ■' 

or  nitrogen  lines. 

102  Herculis 
ir  *  Orionis 
X' Orionis 

iTauri 

Helium     lines 

y  Orionis 

yCorvi 

much    weaker. 

iPersei 

vLeonis 

^  Metallic    lines 
grow  stronger. 

V  Orionis 
PCephei 
ICassiopeiae 
fCanis  Majoris 
P  Cants  Majoris 
SCeti 
yPegasi 

Lines  stronger 
than  above  but 
very  diffuse. 
Traces  of  X4481 
and  silicon  lines. 
Traces  of  a  few 
oxygen  and  nitro- 
geu  lines  with 
strong     XJ;649. 


All  lines  growing 
narrower  and 
sharper,  with 
X4481,  helium, 
and  silicon  lines 
stronger.  Oxy- 
gen and  nitrogen 
lines  increase  in 
number  and  grow 
sharper  and 
stronger. 
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DESCRIPTION   OF  THE   PLATES 

Plate  I  shows  the  spectrograph  attached  to  the  forty-inch  telescope.  The  cells  containing  each  of  the  three 
prisms  may  Ise  reackly  seen,  rigiilly  attachetl  to  the  main  casting,  in  their  invariable  position.  The  twenty-four- 
inch  camera  tube  for  camera  lens  B  is  seen  in  place.  The  chair  i.s  .set  in  the  proper  position  for  an  observer  to 
conveniently  look  (clown)  into  the  guiding  telescope.  The  tube  extending  from  the  guiding  telescope  below 
to  the  "goose-neck"  alx)ve  conveys  the  rays  which  have  been  reflected  from  the  polished  slit-jaws,  and  then 
caught  and  deflectetl  downward  by  diagonal  prisms  within  the  "goose-neck."  To  the  left  of  this  may  be  seen 
the  apparatus  for  producing  the  comparison  spectrum,  and  the  slit,  although  the  scale  of  tlie  illustration  does 
not  permit  the  details  to  be  clearly  apparent.  The  long  rod  which  would  Ije  at  the  left  hand  of  an  oljserver 
sitting  in  the  chair  is  u-sixl  to  assist  in  guiding,  and  the  whole  telescope  may  lie  slightly  sprung  to  follow  the 
star.  The  switches  controlling  the  electric  slow-motions  in  right  ascension  and  declination,  which  are  always 
within  easy  reach  of  the  obsei-ver,  could  not  be  shown  when  the  temperature  case  was  removed,  as  here.  The 
light  inner  aluminium  case,  or  prism-lx)x,  is  seen  on  the  floor  at  the  left  below  the  prisms.  The  double-walled 
outer  temperature  case,  which  incloses  the  whole  spectrograph,  except  the  slit,  is  at  the  extreme  right.  Behind 
it  is  the  carriage  upon  which  the  spectrograph  rests  when  not  attached  to  the  telescope.  The  induction  coil  is 
seen  at  the  left.  The  Iros  beneath  it  contains  the  condenser  (at  left),  the  self-induction  coil  (at  right),  and  the 
drum  upon  which  is  wound  the  cable  conveying  the  secondary  ciu-rent  to  the  spi-ctrograph. 

Plate  II  shows  the  comparator  made  by  Gaertner  &  Co.,  which  is  sufficiently  described  on  p.  6. 

Several  examples  of  spectra  described  in  this  paper  are  given  in  Plate  III.  The  negatives  used  were 
o  Bo6ii.i.  B  300;  P  Ononis,  B  282;  /3  Canis  Majoris,  B  215;  c  t'o«/.s  Majoris,  B  461;  and  v  Ij;oni>t,  B  329. 

A  recent  important  modification  of  the  pendulum  apparatus  for  vertical  enlargement  of  spectra  has  per- 
mitted the  comparison  spectrum  to  receive  the  same  treatment  as  tlie  stellar  spectrum.  The  positives  from 
which  the  half-tone  blocks  were  made  were  prepared  by  Mr.  Ellernian.  As  shown  here  the  enlargement  over  the 
original  negatives  is  vertically  almost  forty-fold,  and  horizontally  only  four  fold  (3.8).  Any  process  of  vertical 
enlargement  neces.sarily  introduces  false  lines  in  the  stellar  spectra,  which  may  be  confusing  in  spectra  having 
few  lines,  although  inconspicuous  in  the  .spectra  of  the  solar  type.  We  have  accordingly  indicated  tin-  cliiinical 
origin  of  all  of  the  more  important  lines  on  the  three  spectra  having  the  fewest  lines. 

The  plates  have  not  been  retouched  by  photograiiher  or  engraver,  but  the  intensity  of  the  continuous  sjiec- 
trum  was  rendered  as  uniform  as  possible  by  shading  the  brightest  parts  dming  the  process  of  enlargement. 
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THE  SPECTRA  OF  STARS  OF  SECCHI'S  FOURTH  TYPE 

George  E.  Hale,  Ferdinand  Ellerman,  and  J.  A.  Parkhdrst 

The  possibility  of  basing  a  systematic  scheme  of  stellar  evohition  on  spectroscopic  observa- 
tions is  foreshadowed  in  the  work  of  Fraunhofer,  who  in  1823  observed  for  the  first  time  the  spectra 
of  a  few  of  the  brightest  stars.  Though  wholly  ignorant  of  the  origin  of  the  dark  lines  in  these 
spectra,  Fraunhofer  recognized  that  their  number,  appearance,  and  grouping  differed  greatly  from 
star  to  star,  and  that  in  certain  cases  the  solar  spectrum  seemed  to  be  exactly  duplicated.  Biit  it 
required  such  a  general  sui'vey  as  that  of  Secchi,  who  examined  the  spectra  of  more  than  four  thousand 
stars,  to  afford  any  basis  for  a  scheme  of  classiiication.  The  purely  empirical  classification  which  he 
adopted  includes  a  very  large  percentage  of  the  stars  among  its  five  principal  types,  and  subsequent 
systems  have  done  little  more  than  to  add  subgroups  to  provide  for  the  comparatively  few  peculiar 
spectra  which  do  not  fall  within  Secchi's  divisions. 

Secchi's  classification,  as  we  have  said,  was  a  purely  empirical  one,  intended  to  serve  only  as  a 
convenient  means  of  grouping  similar  spectra.  But  the  researches  of  Huggins  and  Vogel  soon  intro- 
duced the  idea  of  development,  and  the  changes  of  spectra  from  type  to  type  came  to  be  regarded 
as  synonymous  with  progressive  changes  in  the  stars  themselves.  Spectroscopists  have  agreed  in 
regarding  the  white  stars,  with  spectra  characterized  by  the  predominance  of  the  series  of  hydrogen 
lines  (Secchi's  first  type),  as  representing  an  early  stage  of  development,  corresponding  to  a  condition 
of  low  density.  Through  the  continued  action  of  gravity,  accompanied  by  loss  of  heat,  the  absorbing 
metallic  vapors  increase  in  density,  producing  a  marked  increase  in  the  number  and  strength  of  the 
metallic  lines,  while  the  hydrogen  lines  become  narrower  and  less  conspicuous  (Secchi's  second  type). 
The  reduction  of  light  caused  by  the  greater  absorption  is  most  marked  at  the  violet  end  of  the 
spectrum,  causing  the  color  of  the  star  to  change  from  white  to  yellow.  After  passing  this,  the  solar, 
stage,  further  operation  of  the  same  causes  results  in  the  production  of  red  stars,  whose  spectra  might 
be  expected  to  indicate  comparatively  low  temperature  and  high  density  of  the  absorbing  vapors. 

It  is  not  clear,  however,  why  there  should  be  two  distinct  classes  of  red  stars,  characterized  by 
widely  different  banded  spectra.  One  of  these  classes  (Secchi's  third  type),  which  includes  such  bright 
stars  as  a  Ortonis,  a  Scorjrii,  and  a  Herculis,  is  comparatively  well  known.  In  the  pioneer  days  of 
stellar  spectroscopy  Huggins  and  Vogel  measured  some  seventy  lines  in  the  spectrum  of  a  Ortonis, 
and  the  more  refrangible  region  of  the  spectra  of  some  of  these  stars  has  more  recently  been  studied 
photographically  by  these  and  other  observers.  But  much  remains  to  be  done  by  photographic  means, 
particularly  in  the  less  refrangible  region,  where  Keeler  was  working  with  marked  success  when  inter- 
rupted by  his  untimely  death.  In  the  present  paper  our  photographs  of  the  spectra  of  some  of  these 
stars  are  reproduced  for  comparison  with  the  spectra  of  stars  of  Secchi's  fourth  type,  but  the  measure- 
ment of  these  photographs  has  not  yet  been  undertaken. 

As  the  other  great  class  of  red  stars  (Secchi's  fourth  type)  includes  no  objects  brighter  than 
magnitude  5.3,  it  is  obvious  that  the  detailed  investigation  of  their  spectra  is  beyond  the  reach  of 
telescopes  of  small  aperture.  It  will  be  seen  from  the  references  given  below  that  the  general  charac- 
teristics of  these  spectra  were  clearly  recognized  in  the  visual  observations  of  Secchi,  Duner,  Vogel,  and 
others,  but  it  was  impossible  with  the  instruments  employed  by  them  to  observe  more  than  the  carbon 
bands  and  two  or  three  prominent  lines.  Even  the  objective  prism,  as  applied  in  conjunction  with 
photography,  has  failed  to  show  the  less  conspicuous  details,  though  it  has  been  invaluable  in  discov- 
ering new  objects  and  in  showing  the  relative  intensities  of  the  various  bands  in  different  stars.  As 
the  great  light-gathering  power  of  the  forty-inch  Yerkes  refractor  seemed  to  render  it  especially  suit- 
able for  an  investigation  of  these  faint  &tars,  the  work   described  in  this  paper  was  undertaken  in 
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January,  1898.  In  conjunction  with  this  investigation  photographs  have  been  made  of  the  spectra  of 
a  number  of  stars  of  other  types,  researches  on  the  condition  of  carbon  in  the  solar  chromosphere 
and  on  the  widened  lines  in  Sun-spots  have  been  set  on  foot,  and  considerable  work  on  the  spectrum  of 
carbon  and  other  substances  has  been  done  in  the  laboratory. 

REVIEW  OF  PREVIOUS  OBSERVATIONS 

In  his  first  classification  of  stellar  spectra  Secchi  made  no  distinction  between  the  two  types  of 
red  stars.  Indeed,  a  star  later  recognized  by  him  as  of  the  fourth  type  {^Lalande  12,561)  was  classed 
in  the  memoir  Surjli  sj^effri  j^fismatici  (Idle  stcUe  Jissc  [Menwria  Prima,  18G7)  with  a  Herculis  in 
the  following  words  (Cciialoyo,  p.  14):  "In  conclusions  h  tipo  di  a  Ercole,  ma  con  zone  nere  mancanti, 
onde  le  sue  sono  large  tanto,  che  alcune  ne  nbbracciano  due  di  quelle  di  a  Ercole."  After  giving 
measurements  to  show  the  agreement  in  the  position  of  the  bands  with  those  of  a  Herculis,  Secchi 
adds,  however:  '"Le  zone  sono  notabili  per  avere  il  verso  della  luce  in  senso  oppo.sto  dell'  ordiuario." 

In  the  second  memoir  (Memoria  Seconda,  1868)  it  appears  that  the  distinctive  characteristics  of 
fourth-type  spectra  were  recognized  in  the  course  of  a  survey  of  some  twenty  red  stars  from  Schjel- 
lerup's  catalogue.  In  describing  the  spectrum  of  152  Schjellerup  as  characteristic  of  the  class,  Secchi 
remarks  (p.  9): 

Questo  tipo  &  dunque  composto  di  tre  sole  zone  principali;  una  viva  uel  verde,  una  dctole  uel  bleu  e  ima 
assai  viva  nel  rosso.    Quest'  ultima  h  spesso  suMivisa  in  altre  zone  miuori. 

Questo  tipo  dififerisce  essenzialmente  dal  3°  non  solo  pt-r  la  divisione  della  zone,  le  quali  hanno  una 
larghezza  doppia,  ma  anche  perchS  le  zone  hauno  la  maggiore  intensity  lumiuosa  iu  verso  opposto.  Cio6  esse  nel 
4  tipo  vanno  crescendo  di  luce  dal  rosso  verso  il  violetto,  montre  quelle  del  terzo  sono  disposte  al  coutrario. 
TalchS  rappresentando  il  3°  tipo  come  un  sistema  di  colonne,  il  quarto  -sarebbe  rappresentato  da  cavity,  suppo- 
nendo  la  luce  illuminante  diretta  nello  stesso  verso. 

Few  objects  having  spectra  of  the  fourth  type  were  known  to  Secchi,  but  many  were  discovered 
in  the  subsequent  observations  of  Vogel,  D' Arrest,  Dun^r,  Pickering,  and  Espin.  Pickering's  first 
discoveries  were  made  visually,  but  a  very  large  percentage  of  the  fourth-type  stars  discovered  at  the 
Han-ard  Observatory  have  been  found  on  photographs  taken  with  an  objective  prism.  Qualitative 
observations  of  various  fourth-type  spectra,  made  with  a  small  direct-vision  spectroscope,  are  given  by 
Friedrich  Krueger  in  his  "Catalog  der  farbigcu  Sterne."'  McClean  photographed  the  spectrum  of 
152  Schjellerup  with  an  objective  prism  in  1896.     He  describes  his  results  as  follows  :^ 

Two  different  photographs  are  given  of  the  star  152  Schjellrrup  of  the  h\  magnitude.  Two  hours'  exposure 
was  required,  which  accounts  for  the  exaggeratetl  distortion  duo  to  the  changing  amount  of  refractiou  during 
exposure.  The  value  of  the  faint  details  is  enhanced  by  the  correspondence  of  the  two  photographs.  The 
presence  of  a  line-absorption  spectnim  is  distinctly  shown,  and  it  appears  to  agree  to  a  marked  extent  with  the 
usual  line  spectrum  of  Types  II  and  III.  There  appears  to  ho  no  trace  of  Dun6r's  Band  No.  5  of  Type  III.  The 
inference  seems  to  he  that  spectra  of  Type  IV  arise  from  a  natural  course  of  change  in  these  stars,  jjassing 
directly  from  Tj'pe  II.    They  are  stars  of  Type  II  lx;come  less  luminous,  but  not  different  iu  kind. 

McClean  also  reproduces  objective-prism  photographs  of  the  spectra  of  19  Piscium  and  152  Schjel- 
lerup in  an  article  in  the  Philosophical  Trausactioiis,  Vol.  CXCI,  A,  p.  131,  Plate  XIV.  His  [)hoto- 
graph  of  19  Piscium  shows  only  the  bands,  but  in  the  two  spectra  of  152  SchjellerujJ  some  of  the 
more  conspicuous  dark  lines  are  visible.  These  photographs  were  the  first  to  show  any  of  the  lines; 
unfortunately  they  do  not  seem  to  have  been  measured.  A  large  number  of  fourth-typo  spectra  have 
been  photographed  with  the  objective  prism  at  the  Harvard  Observatory,  but  while  the  l)andfl  are  well 
shown,  the  lines  do  not  apyiear  in  these  photograjjhs.  A  complete  list  of  all  fourth-ty])e  stars  known  at 
that  time  was  published  in  1898  by  Espin,'  who  has  himself  discovered  many  objects  of  tliis  character. 
The  classic  memoir  published  by  Dun6r  in  1884,   "Sur  les  ^toiles  h  spectres  de  la  troisiSmc  classe,"* 

I  PithUcationen  ilrr  SternirarU  in  KM,  Band  VIII,  Kiel,  1893.  >  Ibid.,  Vol.  LVIII,  p.  HX 

'Jionthti/  Notica,  Vol.  LVII,  p.  8.  *8vauka  Vetcn*kap»-Akadcmicm  Bandlingar,  Vol.  XXI,  No.  2. 
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Vogel's  observations  with  the  twenty-seven-inch  refractor  of  the  Vienna  Observatory,'^  and  McClean's 
photographs  of  152  SclijeUerup  have  afforded  the  best  available  data  for  the  study  of  the  spectra. 

Dun6r's  important  observations,  which  are  frequently  to  be  referred  to  in  this  paper,  were  made 
with  several  direct-vision  spectroscopes  of  different  dispersive  powers  attached  to  the  ten-inch  refractor 
of  the  Lund  Observatory.  In  spite  of  the  insufficiency  of  his  instrumental  equipment,  which  prevented 
him  from  seeing  the  dark  and  bright  lines  in  the  spectra  of  fourth-type  stars,  Duner's  results  are  of 
the  highest  value,  and  his  conclusions  are  confirmed  in  almost  every  particular  by  our  photographs. 
In  a  recent  paper'  Dun^r  has  described  his  observations  of  bright  lines  in  fourth-type  spectra,  made 
at  ihe  Upsala  Observatory  with  a  telescope  of  36  cm.  aperture.  Further  reference  to  these  observa- 
tions will  be  made  below.  Duner's  drawings  of  fourth-type  spectra  are  reproduced  from  his  first 
memoir  in  Plate  V.    His  general  description  of  fourth-type  (HI/*)  spectra  is  as  follows: 

Les  spectres  des  ^toiles  de  la  classe  III6  consistent,  s'ils  sont  parfaitement  d^velopp^s,  en  quatre  zones 
brillautes,  s6par6es  par  des  baudes  obscures,  d^gradfes  vers  le  violet,  et  d'une  largeur  extraordinaire,  au  moins  le 
double  de  celles  de  la  classe  IIIo.  La  zone  rouge- jaune  est  subdivis^e  par  des  bandes  plus  faibles  et  moins 
larges,  d6grad6es  soit  vers  le  rouge,  soit  vers  les  deux  cot6s.  La  sous-zone  jaune  (longueiu  d'onde  563-589)  est 
ordinairement  la  partie  la  plus  brillaute  du  spectre  entier,  et  elle,  ainsi  que  la  sous-zone  rouge  voisine  (longueur 
d'onde  589-621),  est  divis^e  en  deux  par  une  bande  bien  marquee,  mais  si  6troite  quelle  ressemble,  dans  des 
spectroscopes  d'une  faible  dispersion,  h,  une  raie  ordinaire.  En  outre  il  y  a,  dans  la  zone  verte,  deux  rales,  ou 
peut-etre  deux  bandes  tres  6troites. 

Ces  caract^res  sont,  j'en  suis  sur,  nou  moins  constants,  dans  les  spectres  de  cette  classe,  que  le  sont  pour  la 
classe  Ilia  ceux  donnas  ci  dessus,  et  on  les  reconnaitra  indulsitablement  chez  toutes  les  6toiles  qui  y  appartieuueut, 
a  mesiue  qu'on  pourra  les  examiner  avec  des  lunettes  sulfisamment  fortes,  et  a  mesiue  que  les  6toiles  se  trouveront 
dans  ime  phase  de  d6v61oppemeut  suffisamment  avauc^e.  Dans  ime  lunette  de  215  millimetres  d'objectif  comme 
la  uotre,  il  y  a  cependaut  des  details  dans  les  spectres  de  la  plupart  de  ces  6toiles,  qu'on  ne  pent  apercevoir. 
D'abord  les  bandes  secondaires,  et  les  raies  dans  la  zone  verte  sont  plus  ou  moins  invisibles  dans  les  spectres  des 
6toiles  faibles,  et  mcme  dans  les  6toiles  les  plus  brillantes  (5"".  5  seulementi)  leur  intensity  peut  etre  tres  diff^rente. 
Puis  I'intensit^  de  la  lumiSre  des  zones  brillantes  peut  varier  consid^ralslement  chez  des  ^toiles  de  la  meme 
grandeur.  Dans  les  6toiles  d'un  rouge  fonc6,  la  zone  ultra-lsleue  est  extremement  faible  en  comparaison  avec  la 
meme  zone  dans  les  6toiles  rouge- jaune;  et  chez  les  ^toiles  faibles,  cette  zone  est  tout-^-fait  invisible,  et  meme  la 
zone  bleue  est  tres  dilBcile  5,  voir  si  elles  sont  tres  rouges. 

Mais  aussi  la  Ijande  principale  a  la  longueur  d'onde  563  est  d'une  opacity  tr&s  vari^e.  Chez  certaines  6toiles, 
elle  est  presque  aussi  fonc^e  que  les  deux  autres  bandes  principales;  mais  dans  certains  spectres  elle  est  assez 
faible,  et  semble,  probablemeut  a  cause  de  cela,  etre  beaucoup  moins  large  que  les  bandes  aux  lougueius  d'onde 
516  et  473.  Celles-ci,  et  surtout  la  premiere  d'eutre  elles,  sont  toujours  trfes  fortes  et  trfes  larges,  et  ferment  le 
caractfere  le  plus  prouonc6  de  ces  spectres.  Toutes  les  6toiles  de  cette  classe  sont  tr&s  fortement  color^es,  au 
moins  d'un  rouge-jaime  fort  mais  quelques-imes  d'entre  elles  sont  presque  rouges.' 

Duner's  measures  of  fourth-type  (III6)  spectra,  as  tabulated  on  p.  1'22  of  his  memoir,  are  given 
below,  reduced  to  Rowland's  scale: 


WAVE-LENGTHS  DETERMINED  BY  DUNER 


Object 

19  Pisciuin 

132  Schj. 

152  SchJ. 

132  SchJ. 

liiSchJ. 

W^^.VE-LENGTH 

Band  2 

621 
6049 
5896 
5761 

551 

5286 

46,3' 

5885 
5758 
5641 

sies 

47i5 

5748 
5625 

5160 
4721 
4.37' 

5896 
5763 
5634 

siei 

4736 

59ii 

5762 
5635 

545' 

5281 

5165 

496 

4740 

(JOl 

Band  .3 

6049 
5899 
5761 

Band  i  (maximum) 

Band  6  (beginning) 

Band  7 

56.34 
551 

Band  6  (endi 

Band  8 

5''84 

Band  9  (beginning) 

Band  9  (end) 

5164 
496 

Band  10  (beginning) 

Band  10  (end) 

End  of  spectrum 

4728 

463 

4.37 

^Publicationen  derAstrophysikalisches  Obst 
Vol.  IV,  Part  I. 


6  "On  the  Spectra  of  Stars  of  Class  1116,"    AstrophysicalJcmrnal, 
Vol.  IX  (1899),  p.  119.  7  Loc.  cit,  pp.  9,  Itt 
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In  his  observations  at  Bothkamp.  and  in  his  later  work  with  the  twenty-seven-inch  Vienna 
refractor,  Vogel  measured  the  spectra  of  the  stare  Nos.  51,  78, 152,  and  273  of  Schjellerup's  catalogue, 
and  also  that  of  DM. +34t°  4500.  Vogel's  drawings  of  the  spectra  of  152  Schjellerup  and  DM.-\-34:° 
4500  are  reproduced  in  Plate  V.  His  measures  (reduced  to  Rowland's  scale)  are  given  in  the  following 
table,  which  is  taken  from  Vol.  TV  of  the  Pofsdnm  Publications: 

WAVE-LENGTHS   DETERMINED    BY   VOGEL 


Object 

152  SeKj. 
(VieDDa) 

152  Schj. 
(Vienna) 

152  Schj. 
(Bothkamp) 

DJ/.  +  3fl500 
(Vienna) 

273  soy. 

(Bothkamp) 

78  SchJ. 
1  Bothkamp) 

51  ScliJ. 
(Bothkamp) 

Mean 

Beginning  of  spectrum 

5892 
5849 
5742 
5622 

5160 
5133 

4717 

5G26 
5i64 

660 

622' 

5893 

5759 

5629 

552 

544 

528 

5157 

4736 
437 

430 

5890 

575i 
5621 

527' 
5162 

4745 

656 
622 
6066 
589 

578' 
564 
552 

529 
516 

472' 

623' 

590' 

5756 
564 

5i5' 
473 

564i 
5i66 

660 
656 

622 

606G 

5894 

5849 

5758 

Line  lieginning  a  band 

5a32 
552 

544 

528 

Line  beginning  a  band 

5160 
5i;i3 

4730 

Band        

437 

430 

The  combined  results  of  the  two  observers,  compared  with  Kayser  and  Range's  wave-lengths  of 
the  "hydrocarbon"  bands,  are  contained  in  the  following  table:' 

COMPARISON    OF    WAVE-LEXGTHS 


Object 

Vogel 

Dcn]£b 

Mean 

SwAK  Spectrum 

660 

656 

622 

6066 

5894 

5849 

.5758 

56.32 

5.52 

544 

.528 

5160 

5i.i3 
47.30 

437' 
430 

62i' 
6049 
5899 

576i 

56.34 

.551 

.545 

5284 

5164 

496 

4728 

4&3 

4.37 

660 

656 

G215 

6a58 

.5897 

5849 

5760 

5&33 

.5515 

.5445 

.5282 

5162 

496 

.51.33 

4729 

4a3 

437 

430 

Dark  band   

6060  Middle  of  red  band 

Line  beginning  a  band 

56.35.43  Beginning  uf  yrllow  band 

.5165..30  Beginning  of  green  l)and 

47.37.18  Beginning  of  blue  band 

Band              

4.381.93  Beginning  of  Kfth  band 

In  discu.ssing  these  results  Scheiner,  basing  his  conclusion  on  the  supposition  that  the  hydro- 
carbons are  all  reduced  to  acetylene  (C„H^)  at  high  temperatures  and  are  characterized  by  a  common 
spectrum  which  [)erha[)S  belongs  to  this  substance,  remarks:  "We  may,  therefore,  go  a  step  farther 
and  consider  that  in  the  stars  of  Class  III6  carl)on  and  hydrogen  arc  united  in  the  form  of  acetylene, 
which  is  the  first  combination  of  these  two  elements  which  would  ensue  as  the  temperature  fell."  It 
will  be  shown  later  in  this  pa[>er  that  this  conclusion  must  in  all  prol)ability  be  modified  on  account  of 
recent  advances  in  our  knowledge  of  the  spectra  of  carbon  compounds. 

Of  the  242  stars  of  the  fourth  type  catalogued  by  Espin  there  are  but  (lircc  in  tlie  noitlnrii 
hemisphere  and  four  in  the  Bouthem  that  are  brighter  than  the  sixth  magnitude.     Of  the  stars  which 

'Fbost-Scheixer,  Attronomical  Spcctrotcopi/i  p.  311.  , 
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have  been  observed  photometrically  Espin  finds  twenty-three  between  magnitude  6.1  and  7;  thirty- 
nine  between  7.1  and  8 ;  seventy-six  between  8.1  and  U ;  and  eighty  below  9.  The  red  color  of  the  stars 
is  largely  due  to  the  extreme  faintness  of  the  blue  and  violet  rays,  and  this  fact  greatly  increases  tlie 
difficulty  of  photographing  the  more  refrangible  region  of  their  spectra. 

INSTRUMENTS  USED  IN  THIS  RESEARCH 

Most  of  the  photographs  used  in  the  present  investigation  were  taken  with  a  three-prism 
spectrograph  attached  to  the  forty-inch  refractor  of  the  Yerkes  Observatory.  The  form  of  the  color- 
curve  of  the  forty-inch  objective  has  an  important  bearing  on  the  relative  brightnessof  difl'erent  regions 
of  the  photographed  spectra.  In  work  on  the  yellow  and  green  regions  of  the  spectrum  the  slit  of  the 
spectrograph  has  ordinarily  been  set  at  the  focus  corresponding  to  X  5000.  The  spectra  of  fourth-type 
stars  generally  increase  in  brightness  from  the  head  of  the  yellow  carbon  band  toward  a  maximum  in 
the  green.  On  account  of  the  loss  of  light  due  to  the  rise  in  the  color  curve  and  the  fall  in  the  curve 
of  sensitiveness  of  ordinary  isochromatic  plates  in  the  neighborhood  of  the  b  group,  the  intensity  of 
the  photographs  of  spectra  is  more  nearly  uniform  in  the  green  than  it  should  be.  For  a  similar  reason 
the  less  refrangible  half  of  the  bright  zone  in  the  yellow  is  too  faint  on  our  photographs.  These  facts 
should  be  borne  in  mind  when  examining  the  plates  which  accompany  this  paper;  it  must  also  be 
remembered  that  the  relative  intensities  of  difl^erent  regions  are  affected  by  the  shading  of  the  photo- 
graphs during  enlargement,  which  is  necessary  in  order  to  bring  out  the  lines  properly.  In  the  blue 
part  of  the  spectrum,  on  account  of  the  steepness  of  the  color  curve,  a  correcting  lens  near  the 
focal  plane  is  required.  The  lens  not  only  increases  the  extent  of  spectrum  photographed  on  a  single 
plate,  but  also  facilitates  guiding,  and  thus  materially  reduces  the  exposure  time. 

As  the  spectrograph  has  been  fully  described  elsewhere,'  a  very  few  details  will  suffice  here.  It 
consists  essentially  of  a  Huggins  reflecting  slit,  with  guiding  eyepiece,  a  collimator  of  31  mm. 
aperture  and  focal  length  of  507  mm.,  three  60°  prisms  of  heavy  flint  glass  (n^  1.6960),  and  several 
cameras  of  different  focal  lengths.  The  camera  objective  ordinarily  employed  is  a  photographic 
doublet  of  37  mm.  aperture  and  271  mm.  focal  length.  This  gives  the  best  results  when  used  with  a  colli- 
mator objective  corrected  for  the  visual  rays.  For  the  faintest  stars  a  camera  with  photographic 
doublet  of  10  mm.  aperture  and  about  150  mm.  focal  length  was  employed.  In  the  earlier  work  one 
prism  was  frequently  used  with  a  camera  of  508  mm.  focal  length,  but  it  was  soon  found  that  much  more 
satisfactory  results  could  be  obtained  with  three  prisms  and  a  short  camera.  The  prisms  are  of  a 
distinctly  yellowish  color,  and  undoubtedly  exercise  considerable  absoi-ption  in  the  blue  and  violet.  A 
spark  between  iron  or  titanium  poles  was  used  for  the  comparison  spectrum.  Unfortunately  the 
spectrograph  was  not  provided  with  a  constant  temperature  case  (Plate  IV). 

For  the  brighter  stars,  when  it  is  not  desired  to  photograph  a  considerable  range  of  spectrum, 
slit-widths  ranging  from  0.01  mm.  to  0.04  mm.  may  be  used  to  advantage,  even  with  an  instrument  having 
the  great  focal  length  of  the  forty-inch  telescope.  In  the  investigations  of  Messrs.  Frost  and  Adams  on 
stellar  motions  in  the  line  of  sight  such  widths  are  actually  employed.  But  in  our  work  on  the  faint  red 
stars  it  was  found  necessary  to  use  slit-widths  as  great  as  0. 1  mm.  As  the  camera  lens  commonly 
preferred  has  a  focal  length  whose  ratio  to  the  focal  length  of  the  collimator  objective  is  1:  1.9,  it  is 
evident  that  the  breadth  of  the  spectrum  and  also  the  width  of  the  lines  are  reduced  in  this  ratio.  With 
a  slit- width  of  0.15  mm.  and  a  dispersion  of  three  60°  prisms,  the  yellow  and  green  regions  of  the 
spectrum  of  280  ScJiJellerup  (mag.  7.8)  required  an  exposure  of  nine  hours.'" 

As  recent  work  with  the  forty-inch  telescope  has  shown  that  the  original  spectrograph  is  inferior 
in  many  respects  to  the  new  Bruce  spectrograph,  it  is   important   that   the    weak    ])oints  of  the  older 

9  George  E.  Hale  and  Ferdinand  Ellerman,    "  On  the  Spectra  Bulletin  No.  7.     With  the  same  optical  combination,  and  with  a  slit- 

of  Stars  of  SecchVsFourthType,"  AstrophysicalJournal, Vol.  X  (1899),  width  of  0.075  mm.,  the  green  bands  in  the  spectrum  of  a  Oiionis  were 

p.  93.  photographed  in  twenty  seconds. 

1"  This  photograph  has  been  reproduced  in    Yerkes  Observatory 
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instrument  should  be  pointed  out,  on  account  of  their  bearing  on  the  results  obtained  in  the  present 
investigation.  The  old  spectrograph  was  constructed  by  Brashear  in  1893.  In  all  respects  it  was  almost 
an  exact  duplicate  of  the  spectrograph  designed  two  years  pre\"iously  by  Keeler  for  the  Allegheny 
Observatory.  In  most  particulars  it  was  a  distinct  advance  upon  previous  instruments,  especially 
in  its  embodiment  of  Keeler's  train  of  three  prisms,  gi\-ing  a  deviation  of  about  180°,  which  has  been 
adopted  in  almost  every  spectrograph  constructed  since  that  time  for  the  determination  of  stellar 
velocities  in  the  line  of  sight.  It  inherited  from  earlier  instruments,  however,  certain  defects  of 
construction  which  might  give  no  trouble  in  visual  observations,  but  have  made  themselves  felt  in  the 
long  exposures  required  in  the  present  investigation.  The  three  prisms  of  the  train,  instead  of  being 
firmly  clamped  in  a  fixed  position,  in  accordance  with  the  practice  familiar  in  recent  instruments,  were 
mounted  on  an  automatic  minimum  deviation  device.  When  set  for  any  particular  part  of  the  spectrum 
the  prisms  and  camera  were  clamped  in  place.  It  might  be  sup]X)sed  that  such  clamping  would 
eliminate  all  difficulties  arising  from  the  instability  of  the  prism  supports,  but  experience  has  not 
shown  this  to  be  the  case.  As  at  first  constructed  the  brass  plate  upon  which  the  prisms  rested  was 
very  light.  This  was  replaced  by  a  strong  ribbed  plate  of  much  heavier  brass,  made  after  Professor 
Wadsworth's  design  in  our  instrument  shop,  which  undoubtedly  improved  the  spectrograph.  The 
prism  supports  were  also  changed  for  the  better,  and  various  other  modifications  eflected  in  the 
spectrograph  at  this  time  certainly  tended  to  increase  its  efficiency.  It  was  subsequently  found,  how- 
ever, as  has  been  fully  explained  elsewhere  by  Professor  Frost,"  that,  even  when  all  customary  precau- 
tions had  been  taken  in  his  use  of  the  instrument,  the  velocities  of  stars  in  the  line  of  sight  determined 
with  its  aid  were  sometimes  subject  to  marked  uncertainty,  though  some  of  the  results  were  excellent. 
There  can  be  no  doubt,  therefore,  that  results  much  more  satisfactory  than  those  here  presented  could 
have  been  obtained  if  an  instrument  as  stable  as  the  Bruce  spectrograph  had  been  available  for  the 
present  work. 

It  will  be  seen  that  the  circumstances  were  not  at  all  favorable  for  the  accurate  measiirement  of 
radial  velocities,  and  when  the  work  was  undertaken  it  was  not  proposed  to  attempt  such  determinations. 
Nevertheless,  precautions  were  taken  to  avoid  systematic  errors,  and  the  approximate  velocities  of  a 
few  of  the  fourth-type  stars  have  been  measured.  The  measurement  of  the  plates  made  with  the  old 
instrument  has  been  greatly  facilitated  by  the  use  of  three  excellent  negatives  obtained  with  the 
Bruce  sjjectrograph.  Had  the  old  spectrograph  been  built  in  such  a  way  as  to  eliminate  all  possible 
effects  of  flexure,  and  provided  with  a  constant-temperature  case,  good  determinations  of  velocity  could 
undoubtedly  have  been  obtained  for  stars  as  faint  as  the  eighth  magnitude.  The  experience  gained  in 
the  use  of  this  instrument  has  been  embodied  in  the  Bruce  spectrograph,  which  seems  to  possess  none 
of  the  faults  of  its  predecessor.  At  present  the  old  spectrograph  is  employed  with  the  two-foot  reflector.'" 
On  account  of  the  absence  of  chromatic  aberration  in  the  reflector,  it  was  found  ])ossible  to  obtain  a 
photograph  of  the  spectrum  of  19  Piscittm,  extending  beyond  the  H  and  K  lines,  with  an  exposure 
(on  three  nights)  of   twenty-four  and  one-half  hours  (Plate  X). 

While  the  precision  attained  in  the  present  research  is  greatly  inferior  to  that  of  recent  investi- 
gations of  stellar  motions  in  the  line  of  sight,  it  is  nevertheless  sufficient  for  many  purposes.  As  will 
be  shown  below,  photographs  of  the  spectra  of  a  large  number  of  fourth-type  stars  with  moderate 
dispersion,  and  of  a  few  selected  stars  with  the  highest  feasible  dispersion,  are  still  greatly  to  be  desired. 

JOURNAL  OF  OBSERVATIONS 

Most  of  the  photographs  were  taken  in  the  yellow-green  (Y.  G.)  or  in  the  blue  region  of  the 

spectrum,  but  a  few  in  the  yellow-red  (Y.  R.)  were  secured  with  the  aid  of  Erythro  plates.     In  the 

earlier  work,  and  for  special  purposes  later,  a  single  dense  flint  (D.  F.)  prism  was  employed,  but  the 

train  of  three  dense  flint  prisms  was  generally  preferred.     A  few  photographs  —  including  those  made 

il"The  Brace  Spectroifraiih  of  the  Yerkes  Obscrvatorj-." /(«tro-  U  G.   W.   RiTcnET,  "  Tho  Two-Foot  ReflcctinK  Telescope  of  the 

phytical  Journal,  Vol.  XV  (19(K),  p.  12.  Yerkes  Observatory,"  Attrophytical  Journal.  Vol.  XIV  (IflOl  >,  p.  217. 
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with  the  two-foot  reflector  —  were  taken  with  a  single  light  flint  (L.  F.)  prism,  and  in  one  case  a  30° 
prism,  silvered  on  the  back  surface,  was  used  with  the  solar  spectrograph.  The  focal  lengths  of  the 
various  cameras  are  as  follows  :  Xo.  0  ^  151  mm.,  No.  1  =  271  mm..  No.  2  =  508  mm.,  A  (Bruce 
spectrograph)  =  H'-)  mm. 

The    photographic    plates   which   proved  most   satisfactory  were    Erythro   for   the  yellow-red, 
Cramer  Instantaneous  Isochromatic  (C.  1. 1.)  for  the  yellow-green,  and  Cramer  Crown  for  the  blue. 


Xo. 

Date 

Disp. 

1 

Plate 

ii 

Exp. 

CoMP.  Spectbum 

Temp. 

» 

^ 

star 

Begion  1    <g    ]  .^ 

^ 

-a 

Kind 

i 

•= 

Bemarks 

" 

1     -          ;   » 

W 

— 

S 

1898 

h  m 

n 

, 

, 

F. 

F. 

132  SchJ. 

147 

Jan.  28 

ID.F. 

2 

C.  1. 1. 

y.G. 

4.t 

14  15 

120 

3 

^ 

Fe  Spark 

18.( 

12.5 

poor 

152     •• 

"     28 

2 

4.1 

16  45 

KB 

3 

3 

*• 

12.( 

11.5 

fair 

74     " 

151 

"     31 

2 

'* 

4.( 

10  (S 

120 

Moon 

6  5 

3.( 

poor 

74     '• 

155 

Feb.   2 

2 

•* 

*• 

3.( 

10  58 

114 

90 

*» 

-  4.( 

—  7  5 

51     " 

156 

"       3 

2 

" 

'* 

3.1 

6  46 

165 

Fe  Spark 

13.5 

13.8 

159 

"       5 

2 

'* 

it.l 

903 

WO 

X 

18.7 

16.S 

good 

318  Birm. 

160 

"       6 

2 

** 

*» 

Jt.( 

9  42 

253 

4 

** 

27.( 

28.5 

fair 

229Sckj. 

161 

"       6 

2 

*• 

»* 

4.( 

15  33 

175 

7 

27.5 

28.( 

155  b  •' 

164 

"     13 

2 

** 

n.( 

15  32 

85 

?i 

** 

•^f 

*' 

7      " 

l&i 

"     15 

2 

** 

" 

3.( 

7  20 

? 

?, 

19.7 

poor 

155  b  '• 

167 

"     15 

2 

3( 

14  43 

188 

2 

•f. 

*' 

17  6 

15.C 

fair 

27a  ■' 

169 

"     24 

2 

** 

4.( 

7  00 

360 

?. 

13  6 

7.C 

229     " 

170 

"     24 

*' 

2 

3( 

14  25 

210 

2 

** 

6.5 

7(1 

72     " 

171 

"     25 

2 

4.( 

7  00 

330 

? 

*' 

18  3 

12.0 

*» 

41     " 

175  a 

arch    3 

*' 

2 

** 

'* 

a.c 

7  (B 

420 

3 

** 

28.C 

18.0 

fair 

132     •• 

177 

"     16 

3D.F. 

2 

•» 

** 

s.c 

7  23 

190 

10 

10 

»• 

47.8 

42  4 

poor 

178 

"     16 

'* 

2 

'* 

•* 

3.( 

13  22 

248 

10 

10 

38.8 

33.3 

fair 

152     " 

179 

"     17 

** 

2 

3.(1 

7  36 

261 

10 

10 

** 

40. C 

152      " 

181 

"     24 

'* 

2 

** 

" 

3(: 

7  28 

3(B 

13 

15 

39(1 

33.5 

poor 

229     " 

182 

"     30 

ID.F. 

2 

8( 

13  15 

115 

29.3 

VH(, 

132     " 

184 

April   7 
("     13 

2 

Crown 

Bine 

4.0 
( 

700 
10  20 

325 
125 

9 

2 

*' 

41.5 
44.2 

35.7 
42.3 

fair 
poor 

132     '• 

186 

)::  \t 

3  D.  F. 

- 

" 

" 

*) 

7  15 

722 

346 

15 

15 

i.V 

*' 

52.0 
54.0 

44.0 
52.0 

fair 
good 

249  a  " 

193 

May  13 

ID.F. 

T 

C.I.I. 

Y.G. 

4.(1 

13  ;« 

140 

5 

*' 

46(1 

46  5 

fair 

541  Birm. 

194 

"     25 

1 

" 

8(1 

U  29 

243 

4 

*» 

56.C 

52.0 

poor 

219  SchJ. 

195 
196 

"     26 
"     29 

.. 

1 

1 

-     ». 

.. 

7.U 
7.0 

11  48 
10  25 

U5 
93 

60.0 

"igio 

fair 
poor 

509  Birm. 

4 

Fe Spark 

197 
198 
199 

"     30 

"     30 

June   1 

3D.F. 

1 

1 
2 

;; 

6.0 
6.0 
3.(1 

10  00 
13  00 
8  52 

140 
153 

56.0 

fair 

238  SchJ. 

152     " 

m 

70 

Fe  Spark 

68.6 

58.0 

152     " 

200 

"       2 

2 

** 

3(1 

8  15 

3% 

■'n 

25 

66.0 

57.5 

** 

521  Birm. 

201 

"       3 

ID.F. 

1 

*' 

80 

855 

^fd 

4 

72  0 

280  Scfcj. 

202 

"       3 

1 

'* 

8  r 

12  44 

250 

4 

" 

68.0 

had 

203 

"       4 

" 

1 

•' 

'.  (1 

10  55 

13a 

4 

72.0 

152     " 

209 
210 
211 

"     17 
"     22 
Jnlyl 

11 

2 
2 
2 

Erythro 

Y.R. 

v.o 

7.0 
60 

8  47 
1120 
830 

ISO 
200 
350 

120 

90 

90 
90 
90 

;; 

fair 
poor 
good 

152     " 

152     " 

80.6' 

152     " 

213 

"       6 

** 

2 

6(1 

8  49 

300 

9(1 

9(1 

** 

74.01 1     •• 

152     " 

214 

"       8 

2 

Crown 

Bine 

4.(1 

855 

2X0 

4 

5 

*• 

71. o!    6S.o!  poor 

249  a  " 

216 

"     13 

" 

2 

C.I.I. 

Y.G. 

5  11 

U  10 

195 

5 

5 

** 

69.0 

67.0 

good 

19  Pise. 

220 

Aug.   3 

" 

2 

** 

4,(1 

U  52 

240 

20 

*' 

61.0 

fair 

7  SchJ. 

227 
230 

18 
"  24, 25 

" 

•i 
2 

Erythro 

Y.B. 

5.0 

10  55 
10  35 
9  20 

320 

j-eio 

19  Pigc. 

120 

150 

i^c  Spark 

71.0 

67.0 

good 

D.  M.  57-  702 

232 

u           ^ 

" 

1 

C.I.  I. 

Y.G. 

60 

12  45 

185 

5 

*' 

620 

280ScAj. 

234 

Sept.    7 

1 

3(1 

7  52 

5(B 

5 

5 

** 

57.0     55.0 

fair 

(  Solar  Spectro- 

19  Pise. 

242 
244 

•'     27 
Oct.  26 

Red.  Pr. 

13 
13 

„ 

" 

8.0 
80 

10  55 
7  44 

60 
60 

....      5 
3  1    5 

Moon 

19     ■• 

33.6 

ZeOSehJ. 

245 

'•     26 

** 

13 

" 

*' 

8.0 

10  50 

300 

■y  Cass. 

30.2 

" 

280     " 

^    a. 

Oct.  31 
id  XoT.  1 

ID.F. 

1 

" 

" 

^{ 

556 
600 

^390 

180 

i  60 

3 

\yCass. 
Fe  Spark 

47  0 

4.10 

(  Temperature 

132     " 

250 

Dec.  22 

3D.F. 

1 

*• 

'* 

S'' 

14  47 

190 

14     15 

-1  1» 

-3.0» 

** 

3  ID  prism  box 

318  Birm. 

253 

••     26 

1 

** 

** 

4.2 

13  44 

240 

10     10 

" 

-2.5 

-  ?0 

*' 

1  hereafter  in 

19  Pigc. 

257 

"     28 

" 

1 

•» 

4.0 

5  17 

266 

7       7 

** 

-4.3-  1.2 

\  degrees  Cent. 

19     " 

259 

"     29 

** 

1 

** 

** 



3.2 

5  10 

50 

10    .... 

-1-5.6 

19     " 

262 

"     30 

1 

S.  G.  E. 

Bine 

5(1 

5  12 

2.52 

3      4 

*• 

-11.2  -16.0 

132Scftj. 

263 

"     30 

** 

1 

** 

5.(1 

13  55 

240 

3 

3 

-18.0  --20.6 

•* 

19  Pise. 

264 

"     31 

1899 

1 

5.0 

500 

180 

3 

3 

" 

-16.0-17.0 

" 

l&SehJ. 

267     J 

an.       4 

1 

** 

*» 

5.(1 

7  42 

245 

3 

4 

'* 

-  7.0'-11.4 

•  ^ 

152     '• 

268 

4 

1 

5.(1 

12  (B 

245 

4 

4 

-U.5 

-V>'i 

good 

19  Pwc. 

269 

6 

** 

1 

C.I.I. 

Y.G. 

3(1 

520 

115 

X 

-10.4 

-13.0 

74  SchJ. 

270 

6 

1 

4.0 

7  50 

165 

7 

6 

" 

-13.0 

-13.0 

51     „ 

272 

'  10,  U 

1 

" 

*) 

8  10 
6  13 

[l87 

4 

6 

-  5.6 

-  4.0 

good 

280     " 

274 

14 

" 

1 

6.0 

526 

'.540 

? 

? 

" 

+  1  0 

-i-0.6 

fair 

152     " 

275 

14 

1 

** 

4.(1 

15  15 

U9 

10 

15 

** 

^-0.4 

-  0.3 

318  Birm. 

276 

15 

it 

1 

S.G.E. 

Blue 

5.(1 

7  HI) 

360 

10 

X 

*' 

-i-1  (1 

-1-0.7 

115  SchJ. 

277 

15 

*' 

1 

C.  1. 1. 

Y.G. 

4(1 

14  30 

160 

10 

7 

'• 

-f  0.6 

0.0 

115     ■• 

278 

18 

1 

4.(1 

12  40 

280 

12 

»* 

-  7.3 

-  9.0 

fair 

19  Pise. 

283 

20 

" 

1 

" 

4  (1 

5  r, 

30 

10 

10 

-T-  2.0 

+  2.0 

318  Birm. 

284 

20 

1 

*' 

" 

4  0 

948 

255 

8 

10 

** 

-  1.0 

152  SchJ. 

285 

20 

*' 

1 

4.0 

14  12 

45 

8 

*' 

-r  3.0 

124     •• 

286 

23 

*' 

1 

*' 

.S  (1 

11  40 

vao 

4 

4 

-  3.0 

132     " 

290 

26 

'* 

1 

** 

4.0 

11  «l 

118 

7 

8 

" 

-14.0 

-15.5 

fair 

152     " 

291 

26 

'* 

1 

" 

4.(1 

13  50 

135 

7 

11 

** 

-15.5 

-16  5 

*• 

19  Pise. 

293 

27 

*' 

1 

4.(1 

555 

125 

8 

6 

-11.' 

-11.5 

78  SchJ. 

294 

Feb.  10 

" 

1 

" 

" 

4(1 

930 

230 

7 

8 

** 

-•1  0 

-22.0 

229     ■■ 

295 

'•     10 

1 

"         

D.O 

14  35 

225 

12 

12 

-23.0 

-23.3 

fair 
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The  Spectba  op  Stabs  of  Secchi's  Fourth  Type 


No. 

Sate 

Disp. 

1 

Plate 

Kegion 

4 

■^ 

11 

Exp. 

CoMP.  Spectedm 

Temp. 

a 

star 

ti  ;  -o 

C£ 

•0 

Remarks 

3 

w 

CO 

W 

K 

W 

Kind 

iS 

0 

to 

1899 

h    n> 

m 

, 

, 

G. 

C. 

78  Schj. 

297 

Feb.  15 

3D.F. 

C.  1. 1. 

Y.G. 

5.0 

9  50 

242 

11 

16 

Fe  Spark 

+  0.2 

-  3.0 

fair 

229     ■• 

298 

"     23 

5.0 

13  55 

245 

10 

15 

-10.2 

-  8.8 

poor 

132     " 

299 

March    5 

" 

'* 

4.0 

10  32 

165 

7 

8 

*' 

-  6.7 

-10.0 

78     " 

300 

•       6 

** 

3.0 

730 

130 

7 

8 

-13.1 

-14.1 

fair 

132     " 

301 

"       6 

" 

5.0 

11  49 

160 

8 

8 

-14.2 

-15.2 

152     " 

302 

'•       6 

" 

'* 

5.0 

16  03 

no 

8 

8 

»' 

-16.4 

-16.4 

" 

229     " 

307 

"     22 

" 

** 

5.0 

11  45 

3*5 

8  '.... 

-  5.3 

-  ».' 

132     " 

3D9 

••     23 

S.G.E. 

Blue 

5.0 

10  00 

22.3 

10 

10 

'* 

-  6.4 

-  8.2 

152     •• 

316 

"     31 

5.0 

12  15 

300 

7 

9 

-  5.5 

-  7.0 

pood 

132     " 

319 

April  12 

5.3 

7  18 

300 

11 

11 

" 

+18.0 

16.:. 

fair 

152  Sc^. 

322 

May  4 

C.  1. 1. 

Y.G. 

".'.'.'.A 

10. 0 

9  47 

5    30 

13.0 

good 
fair 

good 

152     ■' 

323 
324 

328 
327 

•'       4 
"       4 

"     10 
"     10 

S.  G.  E. 
C.  I.  I. 

Bine 
Y.G. 

} 

5.0 
2.0 
6.0 

5.0 
3.0 

10  31 

11  20 

930 
9  40 

(   10 
30 
300 

1 

! ' 

(     8 

U.O 
13.0 

16.0 
U.8 

152     •' 

"l 

"s 

132     " 

132     " 

152     •' 

328 

"     10 

»» 

S.  G.  E. 

Blue 

6.0 

10  23 

i    16 
(335 

1 

6 

Fc  .Spark 

14.5 

10.0 

153b  •• 

329 

June  7 

'• 

C.  1. 1. 

Y.G. 

5.0 

8  20 

4.32 

7 

7 

20.0 

15  7 

249a  •• 

332 

July   5 

" 

4.0 

900 

330 

20 

19 

20.8 

17.8 

19  Pitc. 

334 

"     20 

" 

4.0 

13  10 

1153 

24 

" 

23.5 

i2,5 

poor 

19     " 

336 

Anif.  24 

S.  G.  E. 

Blue 

5.0 

12  as 

120 

3 

Ti  Spark 

20.0 

fair 

19     " 

337 

Sept.  13 

4.0 

9  03 

270 

4 

"3 

14.2 

12.2 

19     " 

313 

Oct.   4 

" 

i'is  "e. 

3.0 

7  05 

2.S3 

2 

2 

14  8 

12.0 

good 

ISSchJ. 

3U 

"       4 

*' 

** 

2  30  E. 

4.3 

12  17 

310 

2 

2 

" 

12,0 

10.0 

280     •' 

345 

"     12 

" 

3  00  W. 

5.0 

10  12 

180 

1 

18  0 

280     " 

346 

"     18 

'* 

Crown 

1  .30  W. 

5.0 

10  08 

200 

1 

*' 

8.0 

fair 

19  Piac. 

355 

Dec.    7 

" 

1  10  W. 

4.3 

4  33 

323 

2 

"2 

'* 

3.8 

'  2^0 

ISZSchj. 

336 

••     18 

IL.  F. 

" 

5.0 

15  34 

1.33 

19  PiK. 

357 

"     19 

3D.F. 

C.  1. 1. 

Y.G. 

i  io  w. 

3.0 

3  07 

193 

16' 

io 

ri' Spark' 

-"3!6 

-'3^8 

good 

51  Schj. 

338 

"     19 

0  30  W. 

4.3 

9  20 

280 

8 

8 

-  4.0 

-  5.4 

poor 

115      • 

339 

"     19 

*' 

0 

Crown 

Blue 

1  4.3  W. 

4.5 

15  00 

210 

1 

"fi 'Spark' 

-  5.5 

fair 

280     " 

360 

"     21 

0 

" 

3  30  W. 

5.0 

5  56 

420 

1 

i 

+  3.8 
-1-1.2 

+  '1:2 

good 

115     •' 

361 

"     21 

** 

0 

'* 

1  20  W. 

5.0 

13  29 

305 

1 

1 

-  0.8 

fair 

51     " 

362 

"     26 

'* 

0 

" 

5.2 

8  33 

63 

-  9.0 

113     •' 

363 

"     26 

0 

" 

i '66  w. 

6.0 

12  25 

330 

2 

-10.8 

-isie 

51     " 

384 

"     27 

•* 

0 

" 

0  30   E. 

5.0 

7  18 

310 

n 

" 

-  8.4 

-lU.O 

115     " 

385 

"     27 

" 

C.  1. 1. 

Y.G. 

1  43  W. 

3.0 

13  26 

305 

is' 

15 

" 

-K.5 

-13.4 

" 

280  ScAj. 

366 

"     28 

" 

3  00  W. 

6.0 

5  39 

.335 

10 

13 

-12.0 

-16.2 

280     " 

367 

"     29 

Crown 

Blue 

4  00  W. 

6.0 

5  10 

480 

1 

1 

-14.0 

-18.5 

" 

132     " 

368 

"     29 

0  30  W. 

3.0 

13  42 

.313 

2 

2 

" 

-18.4 

-19.0 

" 

19  Puc. 

389 

"     30 
1900 

IL.  F. 

" 

2  30  W. 

3.0 

5  55 

185 

1 

-16.0 

-18.5 

" 

waschj. 

370 

Jan.   2 

3D.F. 

C.  I.  I. 

Y.G. 

5  30  W. 

6.0 

5  07 

660 

10 

—  55 

-  6.2 

good 

51     •• 

371 

"       4 

Crown 

Blue 

1  10   E. 

5.0 

6  30 

300 

"}' 

+  2:0 

-  0.7 

fair 

51     " 

372 

"       5 

C.  1. 1. 

Y.G. 

5.0 

7  27 

300 

io' 

9 

+  0.9 

-  0.5 

good 

74     " 

373 

"       7 

2  26e. 

3.0 

6  20 

300 

8 

7 

+  3.9 

+  1.6 

115     " 

374 

"       7 

** 

2  00  W. 

3.0 

12  48 

310 

7 

7 

-  3.2 

152     " 

375 

"     21 

Erythro 

Y.  R. 

2  20   E. 

6.0 

10  43 

360 

300 

240 

+  1.8 

filo 

+  4.3 

fair 

51     " 

377 

"     24 

C.  I.  I. 

Y.G. 

0  13   E. 

3.0 

5  33 

310 

7 

7 

+  3.2 

74     •' 

378 

"    a> 

" 

*' 

1  20   E. 

5.0 

600 

3^0 

7 

7 

-10.0 

-10.8 

poor 

S18  Birm. 

379 

"     25 

" 

" 

0  40  W. 

5.0 

12  27 

280 

7 

7 

-14.0 

-14.3 

fair 

229  Schj. 

380 

•'     30 

" 

Crown 

Bluo 

7  00   E. 

5.0 

13  03 

305 

1: 

-21.3 

-21.0 

115     " 

382 

"     31 

** 

** 

1  40  W. 

5.0 

10  20 

380 

"1 

-20.0 

-22.0 

74     " 

383 

Feb.    1 

" 

** 

2  20  W. 

5.0 

8  30 

370 

'ij 

11 

14.0 

14.0 

gnnd 

78     " 

384 

"       9 

C.  1. 1. 

Y.G. 

5.0 

10  15 

260 

7 

13 

-12  n 

11, S 

IpcMir 

280     " 

385 

"     15 

" 

Crown 

Blue 

3'66w. 

5.0 

6  13 

.3.30 

n 

-ir,  n 

1,'<  3 

74     " 

386 

"     16 

'* 

C.  I;  I. 

Y.G. 

2  15  W. 

5.0 

6  43 

233 

"■i' 

6' 

-17,0 

-1»  .3 

t;iir 

74     •' 

387 

"     19 

'* 

0  30  W. 

5.0 

7  00 

195 

6 

.... 

-  7.0 

-  7.4 

280     " 

388 

"     25 

Crown 

Blue 

8  00  W. 

5.0 

6  20 

360 

I 

-12.0 

-16.8 

good 

74     " 

390 

Uarcb    6 

*' 

2  20  W. 

5.0 

6  40 

390 

4 

2 

-  7.0 

-  9.2 

74     " 

391 

"       7 

*' 

" 

2  20  W. 

5.0 

6  22 

:«0 

3 

2 

-  2.3 

-  4.1 

" 

78     " 

392 

"     21 

" 

2  43  W. 

5.0 

6  47 

315 

2 

2 

-  0.3 

-  0.1 

fair 

318  Birm. 

393 

"     31 

** 

*' 

2  13  W. 

3.0 

10  33 

220 

2 

2 

+  2.8 

K2  8chJ. 

394 

April   i 

*' 

*♦ 

*' 

2  40  W. 

4.0 

11  .33 

300 

•» 

2 

+  4.0 

+  ■2^9 

good 

249a  " 

395 

Ang.   8 

" 

C.  1. 1. 

Y.G. 

4.0 

9  20 

.3.30 

6 

6 

28.8 

24.8 

249a  " 

396 

"     19 

2'46'W. 

4.2 

12  .37 

243 

6 

6 

26.0 

24.9 

" 

249a  " 

397 

"     28 

" 

3.2 

12  .32 

1.33 

,5 

6 

19  6 

18,7 

229     '• 

398 

"     31 

" 

*' 

4.3 

8  20 

443 

.3 

6 

2.3.0 

23.4 

" 

152     " 

478 

1901 

April   8 

Oct.  24 

1902 

1 

Erythro 

Y.R. 

2  40  W. 

5.0 

U  41 

300 

200| 

380 
ISO 

HTube 
Ti  Spiirk 

3  0 

., 

229     " 

490 

A 

Crown 

Blae 

I  00  W. 

4.0 

700 

360 

■'i 

20 

1 

Fe  Spark 
Ti  Spark 

'ii!9 

11.9 

fair 

Rriic*  Spcctrosrapti 

152     ■• 

A313 

Feb.  10 

•' 

27  G.  E. 

2  50  E. 

4.1 

9  15 

.360 

2 

2j 

Ti 

-  7.4 

-  7  3 

good 

.1                .( 

152     " 

319 

••      18 

'* 

** 

3  00  E. 

4.0 

8  2.3 

,390 

2 

2 

-  6.8  -  6.9 

g.tof. 

132     •' 

328 

"     21 

" 

4.1     9  301 

330 

i 

li 

-  1.2  -  1.2 

good 

ti                >. 

249a  " 

R  27 

Jnly  22 

1  L.  F. 

1 

C.  1. 1. 

'* 

i'66  E. 

3.0  11  OOl 

190 

10 

" 

2|.|ncl.  R»n«clgr 

19  Pin^. 

34 

a3 

37 
38 

Oct.  19 

"     24 

"     SO 

NoT.18U.23 

1 
0 
0 

27  N.  H. 

I 

4.0 
4.0 
4.0 
5.0 

6  .30 
6  .30 

330 

70 

30 

13 
t 

J 
h 

Moon 
Sky 

fair 

good 
fair 

19     " 

19     " 

5  .33      46.3  1 

6  ±      1480  1 

19     ■• 

0          ••      1 

11                It 

1 

1 

Secrrs  Gilt  Edge  fS.  G.  E.)  plates  were  also  used  in  some  cases.  Tlic  slit-widtli  is  expressed  in  divi- 
sion.s  of  the  head  :  one  division  =  0.025  mm.  A  spark  between  iron  poles  was  usually  employed  for 
the  comparison  spectrum,  part  of  the  exposure  being  given  before,  part  after,  the  exiwsure  f(jr  the 
star.  A  titanium  spark  was  used  in  the  later  work.  The  temperature  in  the  prism  box  was  recorded 
at  the  beginning  and  at  the  end  of  the  exposure.     Most  of  the  exposures  were  made  liy  Mr.  Ellorman. 
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APPEARANCE  OF  THE  SPECTRA  ON  THE  PHOTOGRAPHS 
The  spectra  were  photographed  iu  four  sections,  as  follows: 

1.  X  3930  to  X  4380.  These  photographs  were  taken  on  Seed  27  non-halation  plates  with  a 
single  light  flint  prism  and  a  camera  of  151  mm.  focal  length,  used  in  conjunction  with  the  two-foot 
reflector.  They  were  made  for  the  special  purpose  of  showing  the  very  faint  region  in  the  extreme 
violet  part  of  the  spectrum,  and  some  of  them  are  therefore  overexposed  in  the  blue. 

2.  \  4380  to  X  4980.  Most  of  these  ^photographs  were  taken  with  three  dense  flint  prisms  and 
a  camera  of  271  mm.  focal  length.  Cramer  Crown  plates  were  usually  employed.  With  the  aid 
of  the  correcting  lens,  the  color  curve  of  the  forty-inch  objective,  which  is  very  steep  in  this  region, 
was  flattened  out  sufficiently  to  give  fairly  uniform  illumination  through  the  middle  part  of  the  spec- 
trum. At  both  ends,  however,  the  brightness  falls  off  somewhat  on  account  of  the  change  in  focus. 
In  the  less  refrangible  region  these  spectra  are  fiirther  weakened  by  the  fact  that  the  plates  are 
relatively  insensitive  for  light  of  these  wave-lengths.  It  will  be  seen  from  these  and  other  facts  that 
the  region  of  the  spectrum  lying  between  X  4900  and  X  51G0  is  not  well  represented  on  most  of  our 
photographs. 

3.  X  5100  to  X  5800.  The  greater  part  of  these  photographs  were  taken  with  three  dense  flint 
prisms  and  a  camera  of  271  mm.  focal  length  on  Cramer  isochromatic  plates.  As  already  remarked  on 
p.  7,  the  form  of  the  color  curve  of  the  forty-inch  objective  and  the  fall  in  sensitiveness  of  the  plates 
in  this  region  cause  these  photographs  to  be  relatively  underexposed  at  the  more  refrangible  end, 
though  the  fociis  was  set  for  X  5000.  Little  is  shown  beyond  X  5800,  as  the  isochromatic  plates 
decrease  rapidly  in  sensitiveness  in  this  region. 

4.  X  5630  to  X  6G00.  Photographs  of  the  spectra  of  152  SclijcUrrup  and  19  Piscmm  were 
obtained  in  this  region  with  a  single  dense  flint  prism  and  a  camera  of  508  mm.  focal  length  on  Erythro 


In  studying  the  photographs,  it  is  necessary  to  bear  in  mind  the  fact  that  the  various  adjust- 
ments required  in  photographing  the  spectra  in  sections  necessarily  introduce  differences  of  relative 
intensity,  and  render  it  almost  impossible  to  determine  accurately  the  distribution  of  brightness 
throughout  the  spectra.  In  the  following  description  of  the  photographs  it  is  to  be  understood,  there- 
fore, that  the  appearances  described  relate  to  the  plates  themselves,  and  not  to  the  spectra  as  seen 
visually  in  a  telescope. 

General  characteristics. —  The  most  striking  features  of  spectra  of  the  fourth  type  are  the  dark 
bands  attributed  to  the  compounds  of  carbon.  The  principal  bands  have  their  less  refrangible  edges 
at  X  4737.8,  X  5167.9,  and  X  5636.9.  Bright  zones,  consisting  of  bright  lines  and  strong  continuous 
spectrum,  appear  on  our  plates  on  the  less  refrangible  side  of  the  first  and  last  of  these  heads ; "  and 
bright  and  dark  lines  are  found  in  connection  with  the  continuous  spectrum  throughout  the  region 
photographed.  The  fiuted  character  of  the  carbon  bands  is  strikingly  evident  in  the  region  X  5500- 
X  5G37,  especially  in  such  stars  as  132  Sclijcllerup;  it  also  appears  in  the  other  carbon  bands  when 
the  exposures  are  suitable,  and  in  the  cyanogen  band  at  X  4502-X  4606  (see  Plate  VII). 

Details. —  The  violet  region  of  the  spectra  of  fourth-type  stars  is  so  faint  that  it  can  be  photo- 
graphed only  with  the  greatest  difiiculty.  On  account  of  the  form  of  the  color  curve  and  the  absorp- 
tion in  the  violet  of  the  forty-inch  objective,  no  attempt  was  made  to  include  the  extreme  violet  on 
plates  taken  with  the  large  refractor.  It  was  nevertheless  deemed  of  great  importance  to  determine 
whether  the  H  and  K  lines  and  the  H"^  and  Hh  lines  were  present,  and  also  to  render  possible  the 
comparison  of  fourth-type  with  third-type  spectra  in  the  violet  region.  For  this  reason  a  few  photo- 
graphs of  the  spectra  of  19  Piscium  were  made,  as  described  above,  with  the  two-foot  reflector.  The 
most  prominent  features  of  these  photographs  are  the  very  strong  calcium  line  at  X  4227  and  the  H 

13  The  brightness  of  the  region  on  the  less  refrangible  side  of  the  carbon  head  at  \  5167.9  is  reduced  on  our  photographs  for  the  reason^ 
given  above. 

261 


12  The  Spectra  of  Stars  of  Secohi's  Fourth  Type 

and  K  bands,  which  are  very  conspicuous.  Less  prominent,  but  nevertheless  unmistakable,  are  the 
dark  hydrogen  lines  H'y  and  Hh,  as  well  as  the  G  group  and  two  conspicuous  lines  at  \  -lOoS  and 
A.  4384  (Figs.  1  and  2,  Plate  X). 

The  presence  of  dark  i?7  and  H^  lines  renders  the  existence  of  a  bright  Hfi  line  in  the  photographs 
taken  with  three  prisms  a  matter  of  great  interest.  The  comparatively  large  scale  of  these  spectra 
and  their  sharpness  of  definition  leave  no  doubt  as  to  the  presence  and  identification  of  lines  in  this 
region.  In  two  or  three  stars  H^  appears  as  a  bright  line,  and  in  this  character  it  is  the  most  strik- 
ing feature  of  the  spectrum  of  280  Schjellerup.  In  several  of  the  stars,  however,  H^  is  altogether 
absent,  and  in  no  case  do  we  find  it  present  as  a  dark  line.  The  bearing  of  these  results  on  the  physi- 
cal condition  of  hydrogen  in  the  fourth-type  stars  is  discussed  elsewhere  (p.  126). 

The  cyanogen  flutings,  with  heads  at  XX  4608.9,  4578.4,  4553.3,  4515,  and  4503.2,  are  char- 
acteristic features  of  all  the  fourth-type  spectra  we  have  examined,  including  280  SchjcUenip.  In 
each  fluting  the  continuous  spectrum  grows  stronger  toward  the  blue,  but  the  bright  lines  in  this  region 
are  scattered  with  less  regularity  than  in  the  yellow  flutings.  From  the  more  refrangible  edge  of 
the  bright  blue  zone  at  X  4738.6  the  continuous  spectrum,  here  of  maximum  brightness,  gradually 
decreases  in  intensity  toward  X  5000.  Between  this  zone  and  the  head  of  the  dark  carbon  band  at 
X  4737.8  there  are  two  unidentified  flutings  in  the  spectrum  of  152  SclijeUerup,  but  in  most  of  the 
other  stars  only  one  of  these  flutings  appears.  The  most  prominent  dark  lines  are  those  at  XX  4408, 
4435,  4497,  4506,  4523,  and  4535.  Between  X  5000  and  X  5169  the  carbon  absorption  is  nearly  com- 
plete, and  for  various  other  reasons  already  given  few  details  are  shown  in  our  photographs  of  this 
region.  Nevertheless,  the  carbon  heads  at  X  5099  and  X  5129  can  be  recognized  in  229  SdijcUvrup 
(Fig.  1,  Plate  VII). 

In  the  green  and  yellow  the  continuous  spectrum  decreases  in  intensity  from  the  maximum  near 
the  6  group  and  attains  its  minimum  brightness  in  the  absorption  of  the  yellow  carbon  bands.  These 
flutings  have  heads  at  XX  5638.8,  5587.7,  and  5505.5,  and  form  the  most  characteristic  feature  of  the 
spectrum.  Each  is  made  up  of  bright  and  dark  lines,  the  bright  lines  being  strongest  at  the  more 
refrangible  part  of  each  fluting,  while  the  dark  lines  are  broadest  and  strongest  at  the  less  refrangible 
edge.  For  various  reasons,  discussed  elsewhere,  this  effect,  in  some  cases,  at  least,  appears  to  be  due 
to  the  presence  of  genuine  bright  lines,  and  not  merely  to  contrast.  Other  bright  lines,  the  character 
of  which  cannot  be  doubted,  occur  in  the  green  region,  where  they  are  very  conspicuous  on  the  original 
negatives.  The  bright  yellow  zone  also  contains  a  large  number  of  bright  lines,  lying  on  a  less  bril- 
liant background  of  continuous  spectrum.  In  280  Schjellerup  the  bright  lines  are  inconsj>icu()us. 
The  broad  dark  line  X  5620-5638  is  double,  and  the  component  X  5620-5626  contains  three  vanadium 
lines.  In  280  Schjellerup  this  doul)le  line  is  the  only  well-marked  trace  of  the  yellow  carbon  band. 
In  19  Piscium  the  entire  set  of  flutings  is  easily  recognized,  and  they  increase  in  intensity  as  we  pass 
to  318  Birminfjham,  74,  78,  and  132  Schjellerup,  while  in  152  Schjellerup  they  are  less  noticeable, 
apparently  from  increased  carbon  absorption,  which  cuts  down  the  contrast.  The  most  conspicuous 
dark  lines  in  this  part  of  the  spectrum  have  the  wave-lengths  XX  5226,  5329,  5350,  5371,  5397,  5410, 
and  5447.  The  last  pair  of  lines  has  a  curious  appearance,  resembling  that  of  a  symmetrical  reversal. 
The  b  lines  are  conspicuous  in  all  of  the  stars.  In  the  more  fully  developed  stars  the  group  X  5204- 
5211  becomes  the  most  prominent  feature  in  this  part  of  the  spectrum.  The  b  group  also  becomes 
stronger,  but  b^  and  b^  are  nearly  lost  in  the  carbon  absorption  band  whose  head  is  at  X  5169.1. 

The  more  refrangible  part  of  the  sjjcctrum  is  shown  in  a  few  photographs  obtained  with  Erythro 
plates.  The  D  line  apjpears  strong  and  dark,  but  it  is  not  divided,  as  the  plates  were  taken  witii  one 
prism.  The  continuous  sj)ectruni  is  fairly  strong  from  the  sodium  line  to  a  dark  line  at  X  5732,  which 
separates  this  part  from  the  bright  yellow  zone,  X  5637-5726.  In  the  region  X  6086-6340  the  bright 
lines  and  strong  continuous  spectrum  form  a  bright  zone.  There  are  two  unmistakable  bright  lines 
at  X6176  and  X  6201,  and  also  two  which  are  less  certainly  bright  at   X6108  and  X  6131.     There 
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is  a  strong  bright  line  at  X  6270,  and  two  or  three  probably  bright  lines  in  the  interval  X  6275-6340. 
There  is  also  a  dark  line  at  X  6358.     At  X  644:5  there  is  possibly  a  bright  line.      From  this  point  the 
continuous  spectrum  greatly  decreases  in  intensity  until  its  limit  is  reached  at  X6600  (Fig.  1,  Plate  VI). 
Certain  peculiarities  in  the  spectrum  of  152  Schjcllerin)  are  referred  to  on  p.  131. 

THE  PRESENCE  OF  BRIGHT  LINES 

In  his  memoir  Sugli  Spettri  Prismatici  delle  Stelle  Fisse,  and  in  his  treatise  Le  Soleil,  Secchi 
refers  in  several  places  to  the  existence  of  bright  lines  in  the  spectra  of  fourth-type  stars : 

Non  mancano  in  queste  stelle  (152  Schjellerup)  delle  righe  brillanti  come  le  metalliehe,  ed  h  singolare  che 
esse  si  mostrano  nella  estremitk  piii  viva  delle  zone  colorate.  Gli  spettri  di  queste  stelle  hauuo  piu  che  gli  altri 
analogia  coi  gas,  e  specialmeute  con  quello  del  carbouio,  ma  rovesciato.'* 

Av\'ertimmo  g\h  che  in  alcuue  vi  sono  delle  righe  vive  assai  simili  alle  metalliehe,  le  quali  sijiccauo  assai ; 
alcxme  nel  giallo  paiono  fill  d'oro.''' 

Such  references  would  seem  to  leave  no  doubt  that  Secchi  saw  some  of  the  bright  lines  whose 
existence  is  shown  by  our  photographs.    His  intensity  curve  of  the  spectrum  of  78  Schjellerup  (Fig.  1)" 

places  two  of  the  bright  lines  in  the  yellow  not  far  from  their  true 
positions,  though  the  less  refrangible  of  these  two  lines  should  be 
given  much  greater  intensity  than  the  more  refrangible  one.     But 


FIG- 1  the  illustration  of  the  spectrum  of  the  same  star  published  later  by 

Secchi  in  the  second  edition  of  Le  Soleil  (Plate  M)  contains  no  bright  lines,  while  the  drawing  of  the 
spectrum  of  152  Schjellerup  in  the  same  plate  shows  two  narrow  bright  lines  in  each  of  the  three 
bright  zones,  but  omits  the  strong  bright  lines  in  the  yellow  carbon  band.  Moreover,  in  describing 
the  spectrum  of  132  Schjellerup),  Secchi  remarks : 

Tipo  4°  ben  deciso  con  due  forti  righe  lucide  nel  giallo  assai  vive  e  che  sono  da  mism-are  se  fosse  il  sodio. 

Other  intensity  curves  given  by  Secchi  show,  as  Duner 
has  pointed  out  in  his  memoir,"  that  in  some  cases  the  supposed 
bright  lines  probably  refer  to  the  broad  yellow  sub-zone,  the  width 


of  which  is  not  less  than  ninety  tenth-meters.     Thus  in  describing  fig.  2 

the  spectrum  of  136  Schjellerup,  whose  intensity  curve  is  reproduced  in  Fig.  2  from  the  Memoria 

Secondci,  p.  44,  Secchi  remarks: 

Lo  spettro  h  analogo  alia  1.32,  ma  in  parte  diverse :  ha  una  forte  riga  doppia  viva  nel  giallo,  poi  segue  una 
zona  scura. 

As  Duner  states : 

Secchi  s'est  plus  tard  persuade,  par  des  mesures,  que  les  deux  raies  jaunes  n'ont  pas  la  meme  position  que 
celles  du  sodium,  mais  il  est  nSanmoius  difficile  de  comprendre  comment  il  a  pu  croire  que  cette  zone,  quarante 
fois  plus  large  que  la  distance  entre  Di  et  D:,  ffit  les  raies  du  sodium. 

On  the  whole,  it  is  hardly  probable  that  Secchi  actually  distinguished  the  true  bright  lines, 
though  he  was  so  much  impressed  by  the  appearance  of  the  bright  zones  that  he  remarked:" 

Le  spectre  dans  son  ensemble  se  pr^sente  comme  un  spectre  direct  appartenaut  h  un  corps  gazeux,  plutot 
que  comme  un  spectre  d'absorption. 

In  this  connection  it  is  an  interesting  fact  that  Pickering  in  his  early  visual  surveys  of  stellar 
spectra  states  that  a  normal  fourth-type  spectrum  "consists  of  a  well-defined  yellow  band,  a  broad 
green  band  well  defined  on  the  more  refrangible  side  and  generally  less  sharply  bounded  on  the  other, 
and  a  blue  band  in  some  cases  well  defined  toward  the  violet.'"" 

l*3fe»ioria  Secortrfa,  p.  9.  ^^  Ihld. ^'p.\2.  i^Loc.  c/f..  p.  10. 

^Reproduced  from  his  Memoria  Seconda,  p.  40;  the  red  end  of  the  ''ie  Soleil  (2d  ed.),  Vol.  II,  p.  458. 

spectrum  is  at  the  left.  "4.  JV.  2376. 
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Dun^r  quotes  Secchi's  statements  regarding  bright  lines  in  his  memoir,"  but  states  that  he  has 
never  seen  the  least  thing  which  could  explain  Secchi's  belief  in  bright  lines,  and  remarks  that  Vogel 
was  not  more  fortunate.  At  that  time  he  also  considered  that  the  spectrum  was  iucontestablv  au 
absorption  spectrum,  and  Vogel  entertained  the  same  view  : 

Es  stellt  sich  unzweifelhaft  heraus,  dass  die  Discontiuuitat  des  Sptn-trums  uur  cine  scheinbare  ist,  hervorge- 
bracht  durch  breite  Absorptionsbauden.™ 

More  recently-,  Dun^r  has  observed  the  spectra  of  these  stars  with  a  telescope  having  a  Steinheil 
visual  objective  of  30cm.  aperture,  and  remarks:  "Of  first  importance  is  the  fact  that  I  was  able  to 
detect  without  difficulty  bright  lines  in  various  spectra  which  at  Lund  were  either  invisible  or  at  least 
could  not  be  discovered.""'  The  detailed  observations  given  in  this  paper  show  that  a  bright  line 
(probably  the  one  at  \  5592)  was  seen  V)y  Dun^r  in  the  spectra  of  all  of  tlie  brighter  stars. 

Our  earliest  photographs  of  the  spectra  of  fourth-type  stars,  made  before  the  publication  of 
Dun^r's  second  paper,  seemed  to  show  without  question  the  presence  of  bright  lines.  But  as  Dun^r 
had  expressed  so  decided  an  opinion  against  their  existence,  and  as  his  conclusions  had  been  supported 
by  the  results  of  Yogel's  observations,  it  seemed  desirable  to  undertake  a  series  of  tests  for  the  purpose 
of  meeting  any  doubts  that  might  arise. 

As  shown  on  the  photographs,  the  numerous  bright  lines  in  these  spectra  appear  decidodlv 
stronger  than  the  continuous  spectrum  in  their  neigh liorhood,  and  prove  their  superior  brightness  by 
extending  out  on  either  side  of  the  general  spectrum,  thus  showing  their  power  of  impressing  the 
plate  at  points  where  the  continuous  spectrum  was  too  faint  to  do  so.  The  evidence  thus  afforded  as 
to  the  genuineness  of  the  bright  lines  is  not  preserved  in  the  widened  photographs  of  the  plates,  Init 
is  fairly  well  shown  in  a  direct  enlargement  of  the  spectrum  of  132  SclijcUerin>  reproduced  in  Plate  V. 

The  following  tests  were  employed  to  determine  the  genuineness  of  the  bright  lines : 

1.  It  was  found  that  an  exposure  of  four  minutes  was  sufficient  to  photograph  the  bright  line  at 
\  5592  in  the  spectrum  of  152  SchjcUerup  with  a  dispersion  of  three  prisms,  while  equal  density  of 
the  contiguous  spectrum  could  not  be  obtained  under  the  same  conditions  with  an  exposure  of  less 
than  from  twelve  to  fifteen  minutes.  If  the  line  is  supposed  to  be  due  to  the  continuous  spectrum,  it 
must  bo  assumed  that  the  heavy  carbon  absorption  band  is  interrupted  at  this  point.  It  is  true  that 
the  line  falls  close  against  the  second  head  of  the  fluting,  and  therefore  at  a  point  where  the  absorption 
band  would  be  weakest.  But  the  bright  line  appears  to  b  ^  sharply  bounded  on  both  sides,  whereas  it 
should  fade  away  gradually  toward  the  red  if  it  were  due  to  decreased  absorption. 

2.  By  increasing  the  dispersion  au  apparent  bright  line,  if  really  due  to  continuous  spectrum 
bounded  by  jwrtions  of  the  carbon  absorption  band,  should  bo  rendered  less  conspicuous.  In  oiir 
ex[)eriments  it  was  found,  however,  that  the  contrast  between  the  bright  lines  and  the  contiguous 
spectrum  increased  rather  than  diminished  with  the  dispersion,  and  that  the  lines  were  liest  obst-rved 
both  visually  and  photographically  with  our  most  powerful  combination  of  three  heavy  flint  prisms. 

3.  Similarly,  an  increa.se  in  slit-width  should  tend  to  reduce  the  contrast  if  the  effect  were  due 
to  continuous  sfiectrum  bounded  by  dark  lines  or  bands.  In  practice,  however,  the  bright  lines  were 
admirably  shown  with  the  widest  slits,  and  increase  of  slit-width  did  not  seem  to  reduce  the  contrast. 

Although  there  can  be  no  doubt  as  to  the  presence  of  iron  and  other  metals  in  these  stars,  it  will 
be  Been  from  insi>ection  of  the  detailed  comparisons  on  pp.  117-22  that  many  of  the  strong  lines  of 
these  substances  are  absent.  A  large  part  of  these  can  be  accounted  for,  however,  if  it  is  assumed  that 
they  are  hidden  by  overlying  bright  lines. 

Photographic  observ-ations  alone  were  not  allowed  to  settle  the  matter,  and  on  many  occasions 
the  spectra  of  132  Sclijcllrnip  and  152  Bchjellerup  were  examined  visually  with  the  three-prism 
sfiectroscope  attached  to  the  forty-inch  telescoi*.  With  an  observing  telescope  having  a  focal  length 
of  253  mm.  and  an  eyepiece  magnifying  thirteen  diameters,  the  bright  line  at  X  5592  was  easily  seen, 

»A.N.  2000.  »"  "  On  the  S|H-ctra  of  Stars  of  Class  Illfc,"  Atlrophytical  Journal,  Vol.  IX  (1899),  p.  121. 
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as  well  as  a  number  of  other  Itright  lines  in  the  red,  yellow,  green,  and  blue.  Under  the  same  circum- 
stances some  of  the  more  conspicuous  dark  lines  were  seen  witliout  much  difficulty,  but  the  less 
conspicuous  ones  were  not  visible. 

As  a  further  precaution,  we  requested  Professors  Keeler  and  Campbell  to  observe  the  spectrum 
of  152  Schjellcrup  with  the  thirty-six-inch  refractor  of  the  Lick  Observatory.  They  did  so,  using  a 
dispersion  of  three  prisms,  and  Professor  Keeler  reported  his  observations  as  follows  : 

I  compared  the  spectrum  with  Vogel's  di-awiug  in  Potsdam  Publications,  Vol.  IV.  The  drawing  seemed 
to  be  merely  a  rough  indication  of  what  the  spectrum  actually  is.  What  we  saw  was  much  more  like  your  photo- 
graph. It  is  cm-ious  that  Vogel  did  not  see  the  bright  hue  X  550  ±,  as  it  is  a  conspicuous  feature  of  the  spectrum 
with  the  thirty-sis-inch.  The  bright  block  X  553 -X  584  seems  to  be  a  complex  of  bright  and  dark  lines  or  bands, 
and  the  dark  band  as  shown  in  the  drawing  (X  573)  is  relatively  too  conspicuous.  Vogel's  dark  baud  at  X  525  is 
made  up  of  lines,  of  which  there  are  many  in  the  neighborhood.  There  is  a  strong  line  at  or  near  D.  We  tried 
to  identify  it  with  the  Na  line  in  a  spirit  lamp,  but  the  telescope  was  jumping  in  a  high  wind,  and  the  comparison 
did  not  amount  to  much.    There  were  many  dark  lines  in  the  red. 

To  my  mind,  there  is  little  doubt  that  the  spectrum  of  this  star  contains  bright  lines. 

These  results  are  in  striking  contrast  with  those  obtained  by  Sir  Norman  Lockyer,  and  reported 
by  him  in  his  article,  "The  Piscian  Stars":" 

The  Kensington  observations  were  made  chiefly  dming  1894  and  1895,  with  special  reference  to  the  lines 
involved.  The  stars  selected  for  observation  were  182  Schjellcnq),  152  Schjellerup,  115  Schjellerup,  and  19  Pis- 
cium.  The  3-foot  reflector  was  used.  In  addition  to  the  carbon  bands,  numerous  lines  were  seen  without  much 
difficulty,  but  only  the  more  prominent  ones  coidd  be  satisfactorily  measm-ed.  Among  the  lines  recorded  in  132 
Schjellerup  were  H ^,  the  E  line  of  iron  at  52(59,  and  a  group  of  lines  near  X  5380.  In  115  Schjellerup  additional 
lines  were  measured  near  5005,  5762,  and  5429,  and  the  presence  of  Hfi  was  again  determined  by  comparison  with 
a  hydrogen  vacuum  tube.  In  19  Piscium  numerous  lines  were  observed,  among  them  being  D  and  F.  No  sus- 
picion of  bright  lines  was  entertained  during  these  observations.  Attempts  to  photograph  the  spectra  were  not 
sufficiently  successful  to  help  matters. 

A  three-foot  reflector  should  be  admirably  adapted  for  the  investigation  of  these  stars,  whether 
visually  or  photographically.  And  yet  the  bright  lines,  which  should  have  been  easily  visible,  were 
not  seen,  while  H ^  was  recorded  as  a  dark  line  in  132  SchjcUervp,  115  Schjellcrup,  and  19  Piscium. 
As  a  matter  of  fact  our  photographs  show  no  dark  H  ^  line  in  any  of  these  stars. 

In  discussing  the  probability  of  the  existence  of  bright  lines  on  our  photographs,  Lockyer  was  at 
a  disadvantage,  as  he  had  not  seen  the  original  negatives,  and  the  few  published  reproductions  did  not 
adequately  represent  the  facts.  As  Fig.  3,  Plate  V,  shows,  the  bright  lines  are  distributed  all 
through  the  spectrum,  and  are  by  no  means  confined  to  the  edges  of  flutings,  where  Lockyer  thinks 
contrast  effects  would  sufficiently  account  for  the  appearance  of  the  photographs.'^ 

In  the  table  of  mean  wave-lengths  (p.  92),  which  contains  218  bright  lines,  we  have  included 
only  those  lines  which  were  regarded  as  unquestionably  bright  by  at  least  two  independent  observers. 
In  some  cases,  where  the  brightness  of  the  line  is  but  very  little  greater  than  that  of  the  continuous 
spectrum,  there  might  easily  be  some  room  for  doubt,  and  many  lines  of  this  character  have  accord- 
ingly been  excluded  from  the  table.  In  many  other  cases,  on  the  contrary,  the  bright  lines  are  so 
much  stronger  than  the  continuous  spectrum  that  the  most  critical  observer  of  the  original  negatives 
would  not  hesitate  for  a  moment  to  distinguish  them  from  mere  spaces  between  dark  lines.  We  may 
add  that  the  judgment  of  a  large  number  of  spectroscopists  who  have  examined  the  negatives  coincides 
entirely  with  our  own. 

MEASUREMENT  OF  THE  PHOTOGRAPHS 
As  it  seemed  more  important,  in  the  existing  state  of  the  subject,  to  examine  thoroughly  a  small 
number  of  photographs  than  to  study  a  large  number  of  spectra  less  completely,  the  following  plates 
were  selected  for  detailed  measurement: 

l^Proc.  Boy  Soo.,  Vol.  LXVI,  p.  137.  23 The  bright  lines  are  unduly  conspicuous  iu  Fig.  2,  Plate  VI,  as 

the  contrast  of  the  plato  was  increased  in  copying. 
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LIST    OF    plates    MEASURED 


Hour-angle 

Com  p. 

Spec. 

Star 

Plate 

liaie 

G.  M.  T. 

Exp. 

Qual. 

Kind 

Qual. 

y 

m 

d 

h 

m 

19  Pisciutn 

G  259 
G  264 

1898 
1898 

12 
12 

29 
31 

11.6 
12.5 

50 
180 

W  0.6 
W  1.6 

c 

C-B 

Fe 
Fe 

B 

C 

G  269 

1899 

1 

6 

12.3 

115 

W  1.9 

A 

Fe 

C 

G  293 

1899 

1 

27 

13.0 

125 

W  3.9 

A-B 

Fe 

B 

G  343 

1899 

10 

4 

15.5 

285 

E   1.3 

B 

Ti 

A 

G  357 

1899 

12 

19 

12.8 

195 

W  1.2 

A 

Ti 

A 

R    34 

1902 

10 

19 

15.6 

330 

E   0  3 

Moon 

R    37 

1902 

10 

30 

flS 

15.8 

465 

W  0.7 

Sky 

R    38 

1902 

11 

J  19 

1  92 

L2.3 
18 

15± 

1480 

0  ± 

Sky 

280  SchjelUrup 

G  346 

1899 

10 

16.1 

200 

W  1.5 

C 

Ti 

B 

G  366 

1899 

12 

28 

11.6 

5&5 

W  5  ± 

B-C 

Ti 

B 

G  367 

1899 

12 

29 

11.2 

480 

W  4  ± 

C 

Ti 

B 

G  370 

1900 

1 

2 

11.1 

660 

W  5.5 

C 

Ti 

B 

318  Birmingham 

G  253 

1898 

12 

26 

21.7 

240 

E   0.5 

B 

Fe 

B 

G  276 

1899 

1 

15 

16.4 

360 

E    4.4 

B 

Fe 

B-C 

G  284 

1899 

1 

20 

17.8 

255 

E    2.7 

B 

Fe 

B-C 

G  379 

1900 

1 

25 

20.7 

280 

\V  0.4 

C-B 

Ti 

B 

G  393 

1900 

3 

31 

18 

220 

W  2.2 

A 

Ti 

B 

74  Schjellemp 

G  373 

1900 

1 

7 

15.0 

300 

E    2.1 

A-B 

Ti 

B 

G  383 

1900 

2 

1 

17.3 

.370 

W  1.8 

C 

Ti 

C 

G  386 

1900 

2 

16 

14.8 

255 

W  0.3 

C-D 

Ti 

B 

G  391 

1900 

3 

7 

15.5 

380 

W  2.3 

B 

Ti 

B 

78  Schjellerup 

G  300 

1899 

3 

6 

1J.8 

250 

W  2.0 

B 

Fe 

B 

G  344 

1899 

10 

4 

20 

310 

E    2.8 

B 

Ti 

A 

G384 

1900 

2 

9 

18.4 

260 

W  2.9 

B 

Ti 

B 

G  392 

1900 

3 

21 

18 

315 

E    2.9 

A 

Ti 

B 

132  Schjellerup 

G  299 

1899 

3 

5 

17.8 

165 

W  0.3 

B 

Fe 

B-C 

G  301 

1899 

3 

6 

19.0 

160 

W  1.5 

A 

Fe 

A 

G  309 

1899 

3 

23 

17.8 

225 

W  1.4 

B-C 

Fe 

B-C 

G  368 

1899 

12 

29 

22.1 

315 

W  0.2 

C-B 

Ti 

C  B 

A  328 

1902 

2 

21 

18.3 

a30 

E    0.7 

A 

Ti 

A-B 

115  Schjellerup 

G  363 

1899 

12 

26 

21.0 

330 

W  1.0 

C-D 

Ti 

C 

G  .365 

1899 

12 

27 

21.8 

30) 

W  1.8 

B 

Ti 

C 

G  374 

1900 

1 

7 

20.5 

310 

W  2.3 

B 

Ti 

B 

G  382 

1900 

1 

31 

19.3 

380 

W  17 

B-C 

Ti 

B  C 

152  Schjellerup 

G  275 

1899 

1 

14 

22.2 

119 

E    0.8 

A 

Fe 

B 

G  291 

1899 

1 

26 

20.8 

135 

E   1.3 

B 

Fe 

G  302 

1899 

3 

6 

22.8 

110 

W  3.3 

A 

Fe 

A-B 

G  316 

1899 

3 

31 

20.7 

300 

W  2.7 

B 

Fe 

B 

G  394 

1900 

4 

4 

17.3 

300 

E    2.7 

A 

Ti 

B 

A  313 

1902 

2 

10 

18.3 

360 

E    2.8 

B 

Ti 

B 

A  319 

1902 

2 

18 

17.7 

390 

E   3.0 

A 

Ti 

A-B 

G  211 

1898 

7 

1 

17.4 

350 

W  5.5 

Fe 

The  other  photographs,  which  inrhide  many  excellent  spectra,  were  xised  for  general  study  and 
comparison. 

The  scale  of  the  spectra  is  given  in  the  following  table: 


scale    OF    THE    PLATES 

I.    PLATES  TAKEN   WITH   THKf:E    I"RI9M8 

(Camera  1) 


Blue  Region 

'I  i;i.i.ow-Oreen  Region 

Wavc-Length 

.1  . 

Wavc-Longth 

ds 
dA 

4406 
4700 
5000 

mm. 
0.064 
0.036 
0.026 

t.m. 
5200 
5500 
5800 

mm. 

0.025 
0.019 
0.015 

End  of  spectrum 
Middle  of  spectrum 
End  of  spectrum 
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scale    of    the    plates- Continued 
II.    PLATES   TAKEN   WITH   ONE    PRISM 


Blue  Region 
(Camera  0) 

Red  Region 
(Camera  2) 

Wave-Length 

ds 
dA 

Wave-Length 

ds 
dK 

4000 
4200 
4400 

0.010 
0.008 
0.006 

5800 
6200 
6600 

0.011 
0.009 
0.007 

End  of  spectrum 
Middle  of  .spectrum 
End  of  spectrum 

The  three  prisms  of  the  old  spectrograph  have  a  visual  resolving  power  of  about  33,000  for 
X  4860,  but  with  the  slit-widths  employed  in  the  present  investigation  only  a  small  fraction  of  this 
is  realized.  In  the  region  near  X  4400  it  is  possible  to  separate  on  the  photograph  lines  0.8  tenth- 
meter  apart,  while  at  X  5600  lines  1.3  tenth-meters  apart  are  resolved. 

With  the  Bruce  spectrograph  (camera  A),  which  was  used  in  a  few  cases,  the  scale  is: 

Wave-Length  3-— 

a  A 

4400  0.084 

4700  0.036 

5000  0.026 

Meihod  of  measurement. — Four  different  machines  were  used  in  the  measurements  :  the  Zeiss 
comparator,  described  in  our  earlier  paper;"*  two  similar  machines,  Nos.  122  and  878  ;  and  the 
Gaertner  measuring  machine,  described  by  Messrs.  Frost  and  Adams."'^  Careful  investigations  have 
shown  that  the  scale  errors  of  the  Zeiss  comparators  and  the  errors  of  the  screw  of  the  measuring 
machine  are  of  the  same  order,  not  exceeding  2  /*  or  3  ^.  With  narrow  slits  and  spectra  better  defined 
than  those  here  available  such  errors  would  enter  appreciably.  We  have  found  it  sufficient,  however, 
to  eliminate  the  errors  as  far  as  possible  by  measuring  the  plates  at  four  different  parts  of  the  screw  or 
scale  and  adopting  the  mean  as  the  true  position  of  the  line.  No  difference  in  treatment  is  required 
for  the  measurements  of  the  different  machines,  as  the  same  methods  were  used  in  all  cases  to  elimi- 
nate errors.  All  of  the  measures  given  in  this  paper  (excepting  those  of  G  211,  by  Mr.  Ellerman) 
were  made  by  Mr.  Parkhurst. 

The  plates  were  adjusted  on  the  sliding  stage  of  the  machine  so  that  the  length  of  the  spectrum 
was  parallel  to  the  scale  (or  screw),  and  the  cross-hair  in  the  microscope  eyepiece  was  made  parallel  to 
the  spectral  lines.  Four  settings  were  made  on  standard  lines  of  the  comparison  spectrum,  two  on  the 
lines  above  the  star  spectrum,  followed  by  two  on  the  lines  below.  For  the  first  few  plates  four  set- 
tings were  made  on  the  star  lines,  but  this  number  was  afterward  reduced  to  three.  The  averago 
number  of  standard  lines  measured  on  each  plate  was  thirteen.  In  order  to  test  the  stability  of  tho 
plate  on  the  machine  these  standards  were  generally  measured  both  before  and  after  the  settings  were 
made  on  the  star  lines.  A  single  cross-hair,  running  entirely  across  the  field  of  the  microscope,  was 
used  throughout  the  measures.  Each  plate  was  measured  in  two  positions  on  the  machine,  red  end 
toward  the  right  and  left,  respectively,  and  the  mean  of  the  results  was  used. 

REDUCTION  OF  THE  MEASURES 
We  have  described  in  a  previous  article"'^  the  various  methods  of  reduction  tried  before  we 
finally  adopted  the  plan  described  in  the  present  paper.  These  involved  graphical  methods,  in  which 
an  interpolating  machine  devised  for  the  purpose  was  employed,  and  a  least-squares  method  based 
upon  the  use  of  the  valuable  Cornu-Hartmann  interpolation  formula.  The  results  obtained  by  the 
least-squares  method  were   entirely  satisfactory,  but  considerable  time  was   required  to  compute  the 

24  Geoege  E.  Hale  and  Ferdinand  Ellerman,  "  On  the  Spectra       Twenty  Stars  having  Spectra  of  the  Orion  Type,"  Publications  of  tlie 
of  Stars  of  Secchi's  Fourth  Type.    I,"  Astrophysical  Journal,  Vol.  S        Yerkes  Observatory,  Vol.  II,  p.  148. 

(1899),  p.  102.  26  George  E.  Hale  and  Ferdinand  Ellerman,  loc.  cit..  p.  103. 

25  Edwin  B.  Frost  and  Walter  S.  Adams,  "  Radial  Velocities  of 
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constants  of  the  formula  in  this  way.  For  this  reason  the  least-squares  solution  was  replaced  by  a 
residual-curve  method,  which  furnished  an  equally  satisfactory  means  of  correcting  the  approximate 
constants  and  required  far  less  time.      This  method  is  described  in  the  present  paper. 

The  combination  of  red-right  and  red-left  measures  was  effected  by  subtracting  the  mean  of  the 
red-left  measures  from  a  constant  so  chosen  as  to  make  the  difference  aboixt  equal  to  the  mean  of  the 
red-right  measures.  The  final  mean  of  this  difference  and  the  mean  of  the  red-right  measures  was 
taken  as  the  quantity  s  in  the  Cornu-Hartmann  formula 

S  —  So 

in  which  s  is  the  mean  scale  reading,  X, ,  c,  and  s  constants  derived  by  substituting  the  scale  readings  of 
three  standard  lines  for  s  and  solving  the  three  resulting  equations,  and  X  is  the  desired  wave-length. 
The  derivation  of  the  constants  and  the  solution  of  the  equation  for  the  wave-length  of  each  star  line 
was  greatly  facilitated  by  the  use  of  the  Brunsviga  calculating  machine. 

Redudion  to  the  Sun. —  The  correction  for  the  Earth's  orbital  velocity  was  made  by  the  use  of 
f ormulcB  given  by  Dr.  Schlesinger,"'  where  we  may  put : 

Tan  X  =  [9.96255]  tan  a  -\-  [9.59987]  sec  a  tau  S 
b  =^  [1.47371]  see  X  cos  a  cos  8 
c=[8.22-i]bsiu(28r  20' -X). 

For  1900  we  obtain  the  following  constants  for  reduction  to  the  Sun: 


74  SchjeUerup. . . 
78  SchjeUerup.. . 
11.5  SchjeUerup. . 
1.32  SchjeUerup.. 
.318  Birmingham 
l.">2  SchjeUerup . . 

19  Piscium 

2S0  SchjeUerup . . 


6" 

ig™ 

46' 

6 

29 

40 

8 

49 

4.5 

10 

.32 

36 

10 

38 

08 

12 

40 

26 

2.3 

41 

17 

23 

56 

10 

-f  14 '46  .'6 

-I- .38  31.6 

-1-17  .36.7 

-  12  51.9 

-1-67  56.2 

+  45  59.2 

4-    2  56.0 

-1-59  47.9 


Long. 


94^  50' 

96  04 

130  a3 

164  53 
125  44 

165  34 
356  42 

33  45 


1.4689 
1.45.39 
1.4734 
1.44.56 
1.25:W 
1..3227 
1.4733 
1.2555 


-0  06 
-0.04 
-1-0.24 
4-0.42 
-i-0.01 
4-0.32 
-0.50 
-0.28 


The  correction  to  the  wave-length  of  tho  star  lines  was  then 

^^=^o (^299860 j  • 

Instead  of  applying  this  correction  separately  to  each  wave-length  derived  from  the  formula,  it  was 
combined  in  the  following  manner  with  the  correction  curve  which  is  required  when  the  formula  is 
used  in  its  approximate  form,  without  the  exponent  of  the  denominator  (s  —  s„): 

Correction  curve.  —  An  average  of  thirteen  standard  lines  were  measured  in  the  comparison 
8f)ectrum  on  each  plate.  With  the  exception  of  the  three  lines  used  in  deriving  thi>  constants  of  tlie 
formula,  each  line  gave  a  correction  required  to  reduce  its  wave-length  given  by  the  formula  to  the 
standard  wave-length.  These  corrections  were  platted  on  squared  paper,  as  shown  in  Fig.  .'{,  in  which 
the  abscis.siB  are  wave-lengths  given  by  the  formula  (scale,  one  square  equals  10  t.m.)  and  the  ordi- 
natea  are  the  corrections  (scale,  one  square  equals  0.01  t.m.).  A  smooth  curve,  shown  by  the  dotted 
line,  was  drawn  through  these  points,  from  which  corrections  could  be  read  off  for  each  star  line.  The 
correction  required  for  reduction  to  the  Sun  was  then  laid  off  on  the  same  scale  as  the  correction  curve. 
This  is  a  straight  line  located  by  the  values  for  two  arbitrarily  chosen  wave-lengths,  X  4400  and  5000. 
The  final  correction  curve,  shown  by  the  full  line,  was  then  drawn,  making  its  ordinates  the  algebraic 
sum  of  the  ordinates  of  the  first  curve  and  the  reduction  to  the  Sun.  From  this  curve  corrections  were 
taken  out  and  applied  to  tho  wave-length  given  by  the  formula  for  each  star  line.  The  correction  for 
diurnal  motion  of  the  obsen-er  amounted  to  0.005  t.m.  only  in  the  case  of  one  [ilafe,  (i   'lU'.i  fur  19 

J'  AilTOjhytirnl  .Journal.  Vol.  X  (1899),  p.  2. 
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Piscium,  and   as  only  two  decimals  were   considered  in    the   reductions,   the   diurnal   correction  was 
neglected  for  the  other  plates. 

Combination  of  results. —  The  negatives  taken  on  ordinary  plates  covered  the  region  XiSTO- 
4980;  those  taken  on  isochromatic  plates,  X  5170-5850.  For  convenience  these  will  be  called  the  blue 
and  yellow-green  regions,  respectively.     At  least  two  plates  of  a  region  were  measured  for  each  star, 


+0.20 

+0.10 

0 


CORRECTION  CURVE 
78  Schjelierup.  Plate  G  392 
4600  4700 


1 
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and  more  than  two  if  the  quality  of  the  plates  required.  In  the  case  of  lines  measured  on  both  plates, 
the  mean  of  the  results  was  taken  as  the  wave-length  of  the  line  in  that  star,  but  for  lines  measured 
on  only  one  plate  the  wave-length  was  reduced  to  the  system  of  the  two  plates  by  adding  to  it  the  mean 
difference  between  the  wave-lengths  of  the  lines  common  to  both.  In  the  case  of  stars  for  which  three 
or  more  plates  were  measured,  the  uncorrected  means  of  the  measures  were  taken.  We  thus  have  the 
following  table  of  corrections  to  wave-lengths  of  lines  found  on  only  one  plate: 


CORRECTIONS    TO    WAVE-LENGTHS    OF    LINES    FOUND    ON    ONLY    ONE    PLATE 


19  Piscium 

280  Schjelierup.. 
318  Birniingltam 
74  Schjelierup . . . 
78  Schjelierup . . . 
132  Schjelleruj) . . 
115  Schjelierup . . 
152  Schjelierup.  . 


Region 


blue 
(blue 
)  yellow-green 

blue 

!blue 
yellow-green 
blue 
yellow-green 
yellow 
\  blue 

?  yellow-green 
yellow-green 


Corrections 


Mean  =  2G1  -  0.06  = 
Mean  =346 -I- 0.09  = 
Mean  =  .366 +  0.23  = 
Mean  =  276 +0.03  = 
Used  only  one  plate, 
Mean  =  373  -  0.20  = 
Mean  =  344  +0.20  = 
Mean  =300-1-0.06  = 
Mean  =.301 +0.10  = 
Mean  =  368 -0.02  = 
Mean  =365 +  0.02  = 
Mean  =  302 +0.06  = 


,343  +  0.06 
.367  -  0.08 
370  -  0.23 
.393-0.03 
G391 
386  +  0.20 
392  -  0.20 
.384  -  0.06 
299  -  0.10 
382  +  0.02 
374  -  0.01 
275  -  0.06 


76  lines 
24  lines 
39  lines 
57  lines 

44  lines 
74  lines 

63  lines 
62  lines 
16  lines 

64  lines 
90  lines 
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20  The  Spectra  of  Stars  of  Secchi's  Fourth  Type 

Excejitions  to  ihe  adopied  methods. — The  reductions  for  the  six  plates  of  V,)  Piscium  were 
carried  out  separately  for  the  measures  "red  right"  and  "red  left,"  and  the  means  taken  of  the  result- 
ino^  wave-lengths,  after  which  the  correction  for  radial  velocity  was  applied.  To  apply  the  correction 
curve  to  fit  the  formula  to  the  wave-lengths  of  the  standard  lines,  somewhat  different  methods  were 
used  for  the  first  eight  plates  measured,  six  of  19  Piscium,  and  plate  G  275  of  the  yellow-green  region 
of  152  SchjeUeritjh  On  account  of  the  poor  quality  of  the  standard  lines  and  the  effect  of  a  neigh- 
borino-  air-line  on  the  wave-length  of  the  iron  standard  at  X5710.75,  the  true  form  of  the  correction 
curve  for  the  spectrograph  was  masked.  The  frequent  appearance  of  an  air-line  close  to  the  line  men- 
tioned shifted  the  center  from  one  to  two  tenth-meters  capriciously.  After  this  was  recognized  this 
line  was  no  longer  used  in  deducing  the  constants  of  the  form.ula.  To  avoid  re-reduction,  after  the 
true  form  of  the  correction  curve  was  found,  a  second  curve  was  drawn,  and  from  it  were  taken  the 
quantities  needed  to  apply  to  the  results  from  the  first  curve. 

The  methods  used  for  the  first  seven  plates  can  be  briefly  described  as  follows: 

19  Piscium 

G269.    Ked  right  and  left  reduced  separately;  Cornu-Hartmaun  correction  curve  assumed  as  zero;  reduction  to 

Sun  applied. 
G293.    Red  right  and  left  reduced  separately;  Cornu-Hartmann  cm-ve  taken  as  a  straight  line  (first  constants). 

Applied  to  the  observed  scale  reading  of  the  three  standard  lines,  the  correction  from  the  residual  curve 

with  sign  reversed,  and  expressed  in  scale  divisions.     Second  constants,  which  will  include  the  corrections 

from  the  curve,  computed  with  these  corrected  scale  readings.    Reduction  to  Sun  then  applied. 
G  259.    Red  left.    Same  as  G  293. 

Red  right.     Measmed  February  26  and  March  1,  1901;  shift  found  and  two  sets  of  measures  reduced 

separately. 

Reductions  same  as  before,  except  that  the  recUiction  to  Sun  was  combiuetl  with  the  correction  from  the 

Cornu-Hartmann  (straight-line)  curve. 
G  .357.     Same  as  last.     Same  correction  ciuve  for  measures  right  and  left. 
G  264.    Same  as  last. 
GM3.    Shift  found  Ijetween  measures  of  March  11  and  12,  1901,  two  parts  reduced  separately;  otherwise  same 

as  last. 

152  Schjellerup 
G  275.     Red  right  and  left  combined  before  reduction,  otherwise  same  as  last. 

CONSTANTS  OF  THE  PLATES 

The  following  tables  contain  the  constants  of  the  plates,  including  the  wave-lengths  and  mean 
scale  readings  of  the  standard  lines,  the  residuals  corresponding  to  the  approximate  and  corrected 
formula,  the  approximate  and  corrected  values  of  the  constants  of  the  formula,  and  the  reduction  to 
the  Sun.  Kayser  and  Runge's  wave-lengths  were  used  for  the  standard  iron  lines,  and  those  of 
Hasselberg  for  the  standard  titanium  lines. 

On  account  of  the  special  methods  of  reduction  employed,  19  Pisciinn  is  given  first.  The  stars 
follow  in  the  order  described  on  p.  19.  The  order  in  the  tables  of  constants  and  in  the  tables  of 
detailed  measures  is  therefore  as  follows: 

19  Piscium. 

280  Schjellerup. 

318  Birmiurjham. 

74  Schjellerup. 

78  Schjellerup. 

132  Schjellerup. 

115  Schjellerup. 

152  Schjellerup. 
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PLATE  G  264.    19  PISCIUM 
Blue  Region 


Red  Right 

Red  Left 

Fe 

Mean 

Mean 

^1 

Scale  Reading 

■ii 

Scale  Reading 

" 

t.m. 
4404.93 

4,8.0031 

-01 

00 

mm. 
37.6904 

00 

+01 

4447.89 

45.9732 

+66 

+72 

39.7267 

+56 

+62 

4494.74 

43.8423 

+19 

+28 

41.8478 

+18 

+27 

4508.38 

43.2a39 

+43 

+52 

42.4344 

+40 

+49 

4528.79 

42.3876 

+07 

+14 

43.3057 

+16 

+23 

4549.64 

41.5323 

+06 

+12 

44.1603 

+18 

+24 

4584.02 

40.1697 

-01 

+01 

45.5275 

00 

+02 

4661.67 

37.3202 

+23 

+18 

48.3760 

--28 

+23 

4705.54 

35.8217 

+19 

+11 

49.8773 

--16 

+08 

4788.37 

33.2006 

+19 

+13 

52.4998 

--11 

+05 

4871.90 

30.7980 

+22 

+25 

54.8975 

--28 

+31 

4924.12 

29.4009 

+10 

+19 

56.2962 

+08 

+17 

4957.65 

28.5432 

-01 

+10 

57.1527 

00 

+11 

1st         {'l^ 
Constants  )  ^ 

_ 

-19.4311 

105.0359 

9 

1886.800 
3042.33 

-91580.450 
3045.07 

2d         H" 
Constants  7  ^ 

_ 

-19.4291 

105.0339 

9 

1875.058 
3042.13 

-91568.385 
3044.89 

Reduction  to  Sun: 


X4400         -0.43 
\5000        -0.49 


PLATE  G  343.   19  PISCIUM 
Blue  Region 


Red  Right 

Red  Left 

Wave- 

ForX4395  to4639 

For  X  4640  to  4940 

ForX4395to4744 

For  A  4746  to  4979 

Ti 

Mean  Scale 
Reading 

•ii 

Aj 

Mean  Scale 
Reading 

Al 

•i2 

Mean  Scale 
Reading 

A  1 

■is 

Mean  Scale 
Reading 

Al 

A2 

t.m. 

4387.01 
4427.27 
4468.66 
4481.44 
4512.91 
4555.66 
4590.12 
4639.77 
4682.09 
4742.98 
4805.44 
4856.20 
4900.09 
4981.91 

mm. 
50.4255 
48.3368 
46.2929 
45.6950 
44.2482 
42.3886 
40.9548 
39.0119 
37.4430 
35.3230 
33.3008 
31.7540 
30.4842 
28.2675 

- 
- 
- 

-32 
-36 
-03 
-13 
-01 
-03 
-14 
-01 
-01 
-08 
-22 
-18 
-15 
h04 

-K)9 

+18 
-07 
-1-06 
-02 
+06 
-09 
+04 
00 
-03 

-02 

-03 

00 

50.4198 
48.3302 
46.2903 
45.6905 
44.2457 
42.3837 
40.9510 
39.0094 
37.4420 
35.3191 
33.2981 
31.7519 
30.4804 
28.2652 

+21 
+23 
-03 
+03 
-07 
-08 
-23 
-06 
-01 
-03 
+14 
+11 
-1-02 
-05 

-1-09 
+18 
-07 
+06 
-02 
+06 
-09 
-H)4 

00 
-03 
+04 
-02 
-03 

00 

mm. 
37.9330 
40.0252 
42.0593 
42.6623 
44.1087 
45.9699 
47.4009 
49.3436 
50.9117 
53.0382 
55.0519 
56.6023 
57.8747 
60.0881 

+14 
+12 

00 
+01 
-12 
-10 
-20 
-04 
-01 
-12 
+28 
+12 

00 
-01 

-04 
+01 

00 
+04 
-03 
+02 
-09 
+02 

00 
-20 
+15 

00 
-06 
-1-06 

37.9418 
40.0317 
42.0681 
42.6711 
44.1165 
45.9768 
47.4084 
49.3540 
50.9199 
53.0426 
55.0590 
56.6093 
57.8807 
60.09U 

-02 
00 
-18 
-18 
-28 
-27 
-41 
-32 
-24 
-25 
+05 
-12 
—22 
-25 

-04 
-05 
-02 

00 
-02 
-05 
-06 

00 
-14 
-01 
-12 
-04 
-08 
-01 

1st     (S„ 
Con-  ]  c 
slants  (  \ 

-22.5504 

99611.386 

3021.70 

-22.5504 

996113.86 

3021.70 

110.8605 

-99448.140 

3023.21 

110.8605 

-99448.140 

3023.21 

2d      (So 
Con-  ]  c 
slants  (  \ 

-22.5504 

99611.386 

3021.70 

-22.5731 

99682.675 

3021.00 

110.8586 

-99473.010 

3022.63 

110.8520 

-99440.955 

3022.78 

Reduction  to  Sun: 


X4400 
X5000 


-0  12 
-0.13 
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PLATE  G  259.     19  PISCIUM 
Yellow-Green  Region 


Red  Rtobt 

Red  Left 

Wave- 

Length 

X5329  to  5730 

*.5nOto5327 

Mean  Scale 

A, 

Mean  Scale 

A, 

Reading 

Reading 

^' 

Reading 

t.m. 
5169.19 

47.2448 

+60 

5227.30 

41.0882 

00 

00 

41.0816 

66 

66 

48.6097 

00 

66 

5233.12 

40.9560 

-04 

-10 

40.9496 

-03 

-10 

48.7458 

-21 

-10 

5269.72 

40.1457 

-07 

00 

40.1409 

+01 

00 

49.5553 

-20 

00 

5328.24 

38.9(B0 

-09 

-01 

38.8967 

-17 

-01 

50.7950 

-15 

-01 

5371.70 

38.0262 

00 

00 

38.0198 

00 

00 

51.6730 

00 

00 

5447.13 

36.5805 

+36 

00 

36.5734 

+32 

00 

53.1236 

--15 

00 

5495.88 

35.6819 

-06 

-06 

35.6761 

-03 

-06 

54.0168 

--07 

-06 

5586.99 

34.1037 

-39 

-06 

34.0973 

-39 

-06 

55.5918 

--05 

-06 

5615.80 

33.6317 

-27 

+06 

33.6260 

-23 

+06 

56.0654 

--12 

-1-06 

5710.75 

32.1467 

00 

+27 

32.1404 

00 

+27 

57.5588 

00  1  +27 

1st       S„ 

-7.9827 

-7.9983 

97.8653 

Constants  c 

106470.150 

106517.970 

-107251.499 

\ 

3057.58 

3(fi7.00 

3049.85 

2tl 

Con.~tanls 

-7.9806 

-8.0029 

97.8716 

K«;4()2.010 

106543.200 

-107326.399 

.■iU57.04 

3056.08 

3048.48 

Reduction  to  Sun: 


X5200 
X5800 


-0.51 
-0.57 


PLATE  C,  269.     19  PISCIVM 


PLATE  G  293.    19  PISCIUM 
Vellow-Green  Region 


PLATE  G  3;i7.    19  PISCIVM 


Wave- 

Red Right 

Red  Left 

Red  Right 

Red  Left 

Wave- 
length 

Red  Right 

Red  Left 

length 

Mean 

Mean 

Mean 

Mean 

Mean 

Fe 

Scale 
Reading 

A, 

A, 

Scale 
Reading 

A, 

A, 

Scale 
Reading 

A, 

^1 

Scale 
Reading 

^1 

'^z 

Ti 

Scale 
Reading 

A, 

■^1 

Scale 
Reading 

A,     A, 

t.m. 

mm. 

mm. 

mm. 

mm. 

t.m. 

mm. 

mm. 

S227.30 

43.0HO 

no 

-in 

4/  -002 

OO 

-10 

42.SII.U 

00 

+01 

4^.1292 

no 

-01 

5173.92 

36.4756 

-01 

+04 

48.0702 

no 

+04 

!>233.12 

43.K.%4 

+(W 

+(« 

41.8.V)7 

-f2(l 

+(18 

42.8.547 

-III 

-11 

45.2700 

-2-; 

-11 

6210  r,s 

.k.im:ii 

INI 

INI 

4h.'.k:22 

+01 

IK) 

5289.72 

42.98.^ 

(III 

+10 

42  7014 

+m 

+  1(1 

41.9897 

-Hn 

+<w 

46.1.398 

-18 

-IM 

5283.63 

33.9151 

+2;i 

INI 

50.6387 

+21 

(Kl 

532X24 

41.6.J00 

-;« 

-(17 

44.0376 

-m 

-(r7 

40.0623 

+09 

+11.5 

47.4674 

-:« 

-05 

.5a'i6.97 

.32.7521 

--04 
-21 

-04 

51.7984 

+211 

-04 

4S7J.70 

40. T 120 

n\ 

+»• 

*4.!I7*< 

(Ml 

+(« 

S9.7n>l 

(Kl 

(Kl 

•^x.^W? 

(III 

(III 

5381.20 

31.8350 

IKI 

.52.7175 

+29 
+16 

IK) 

5*47.13 

39.]«2 

+r, 

Oil 

46. 5299 

-07 

(10 

38.1677 

+22 

-01 

49.91)12 

-111 

-01 

.5418  98 

31.0741 

--14 

+ltt 

.53.4797 

+02 

5496.88 

38.2W0 

-m 

—  17 

47.48.59 

-n 

-i; 

37.2116 

+(l!l 

50  9120 

-0.1 

MU 

!rmi.sr. 

29.m37 

-111 

-IW 

64.6:H).1 

no 

-IC 

5586.99 

36..i215 

-03 

+(»', 

49.1694 

-15 

+06 

35. 5193 

-4(1 

-13 

52.6015 

-•a 

-13 

.5.565.70 

28. 1422 

+21 

-m 

56.21.32 

+12 

-03 

5015.80 

36.0086 

-.18 

--»i 

49.6773 

-16 

-m 

35.0155 

-22 

+(« 

53  1090 

-21 

-0« 

M44.se 

27  0004 

-01 

-HI2 

57./i.')2S 

00 

Xm 

SJt0.7B 

S4.4233 

00 

+X> 

51.2707 

00 

+3.5 

33.4204 

00 

+35 

&4.701S 

00 

+a5 

5739.69 

25.4805 

-20 

-10 

59.0091 

-01 

1st        fio 

-8.1301 

94.57.58 

-9.4841 

97.9301 

1st        .% 

-15.8800 

100  29.52 

Constants  c 

112070.)U1 

-11.5677.489 

1137.58.306 

-115281.415 

0>nstant9  c 

111464.870 

-1107ilil.850 

*« 

3077.47 

3039.76 

3059.63 

3013.98 

An 

3014.93 

3052.09 

2d         So 

-9.4820 

97.9375 

2d         S„ 

-15.8947 

100.3095 

Constants   c 

11.3766.597 

-115334.071 

Constants  c. 

111510.045 

-110842.820 

*o 

3(B9  31 

3043.15 

Ao 

3044.24 

3051.34 

Rednc 

tion  toSnn:    *  '.:  • 

A  5200 

t.m. 
-0.40 

Rcdu 

ction  to  Sun :    A  52C 

t.m. 
10       -0.52 

><  .vv; 

A. 58(10 

-0.45 

A58C 

0        -0.58 
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Plate  G  Wa 

Plate  G  367 

Mean 

Wave-Lent'th 

Mean 

Wave-Lengtli 

A2 

Scale  Reading 

Ti 

Scale  Reading 

Ti 

49.3729 

t.m. 

4443.7 

+60 

+60 

63.2423 

t.m. 
4399.92 

00 

00 

49.8135 

44.J7.59 

00 

-02 

62.3717 

4427.28 

-03 

+06 

51.4204 

4512.88 

-02 

+05 

61.4266 

4457.59 

-53 

-.35 

51.5627 

4518.18 

+18 

+25 

60.7.309 

4481.41 

-.32 

-10 

52.5929 

4555.64 

-33 

-20 

59.8395 

4512.88 

-25 

00 

53.4724 

4590.11 

+20 

+.34 

59.6911 

4518.18 

-31 

-06 

54.1599 

4617.41 

-28 

-16 

59.5639 

4522.97 

-14 

+11 

55.0952 

4656.60 

-06 

-01 

58.6853 

4555.64 

-20 

+04 

55.6-826 

408^.08 

00 

+05 

57.7949 

4590.11 

-.36 

-16 

57.3454 

4758.30 

+.36 

-05 

57.1238 

4617.41 

-22 

-06 

58.2813 

4805.56 

+52 

+25 

56.1976 

4656.60 

-08 

-01 

58.9789 

4841.00 

-15 

-41 

55.6183 

4682.08 

GO 

00 

61.4564 

4fi81.91 

00 

+03 

54.2993 

4742.94 

-01 

-12 

53  5457 

4780.18 
4856  18 

+43 

+19 

00 

+27 

+01 

00 

52  0805 

49.9U83 

4981.91 

So 

94.0103 

18.0710 

c 

-64792.977 

62770.074 

^0 

2991,58 

3010  32 

Reductio 

t.i 
n  to  Sun:     X  4400     +0 

03 

t.m. 

-0.24 

X5000    +0 

04 

-0.28 



280  SCHJELLERUP 
Vellow-Green  ReKion 


Plate  G  366 

1                                      Plate  G  .370 

Mean 

Wave-Length 

Mean 

Wave-Length 

Scale  Reading 

Scale  Reading 

Ti 

' 

mm. 

t.m. 

mm. 

t.m. 

40.9966 

5113.92 

00 

+06 

^8.8.976 

5113.92 

00 

00 

41.8908 

5210.49 

-25 

-07 

49.371 

5193.14 

+02 

+18 

43.8858 

5297.21 

-46 

-29 

49.7986 

5210.49 

-34 

-11 

44.7375 

5336.96 

+02 

+07 

50.1572 

5226.70 

+82 

+109 

45.6630 

5381.20 

00 

-07 

52.6'575 

5336.91 

00 

-f02 

45.9a35 

5396.71 

-21 

-30 

53.5845 

5381.20 

--09 

-Oi 

46.2404 

5409.81 

+12 

00 

54.3470 

5418.98 

--27 

+06 

46.4255 

5418.98 

+02 

-11 

57.10.59 

5565.70 

--11 

-02 

47.7924 

5490.. 36 

+43 

+25 

5S.4.%4 

6644.36 

00 

00 

49.1699 

5565.70 

+05 

-06 

50.5148 

5644.36 

00 

+02 

So 

93.5694 

101.4441 

c 

-111874.379 

-111170.513 

^0 

3045.93 

3058.26 

Reductio 

t.m. 

n  to  Sun:     X5200     -0.28 

X5800     -0.32 

t.m. 

-0.29 
-0..33 

273 


24 


The  Spectr.\  of  St.\ks  of  Secchi's  Foirth  Type 


318  BIRMIXGHAM 
Blue  Region 


PL.tTE  G  276 

Plate  G  393 

Wave-Length 

Mean 

Wave-Length 

Scale  Reading 

Fc 

Scale  Reading 

Ti 

mm. 

t.m. 

mm. 

t.m. 

64.4229 

4383.72 

+08 

+02 

53.200.9 

4338.05 

00 

+03 

63.2501 

4404.93 

00 

00 

54.9209 

4367.81 

-19 

-02 

62.6a31 

4415.29 

+01 

+03 

56.6851 

4399.92 

-26 

-01 

59.5733 

4476.19 

-13 

(X) 

58.1195 

4427.27 

-24 

+06 

58.6767 

4494.74 

-15 

00 

59.6501 

4457.59 

-31 

-1-02 

57.0916 

4528.80 

-12 

00 

62.5149 

4518.20 

-29 

-02 

56.1596 

4549.64 

-06 

00 

64.1621 

4555.66 

-07 

+07 

54.6149 

4584.02 

00 

-02 

65.6139 

4590.12 

00 

-HM 

51.5566 

4661.67 

+19 

-02 

66.7210 

4617.41 

-01 

-05 

49.9257 

4705.13 

-07 

-27 

69.1905 

4682.09 

--20 

00 

47.0665 

4788.14 

+28 

+05 

71.8860 

4758.87 

--36 

+02 

44.4345 

4871.87 

+26 

+10 

73.4022 

4805.44 

--60 

+2,3 

43.8522 

4891.37 

+13 

00 

74.5215 

4841.00 

+34 

00 

41.9101 

4951.61 

00 

-03 

75.8467 

4885.25 

+27 

00 

78.5343 

4981.91 

00 

00 

So 

10.14 

&3 

129.8943 

c 

99367.4 

&3 

-100110.616 

^0 

3051 

12 

3032.72 

Reductior 

1  to  Sun:     X- 

t.m. 
400    +0.05 
WO    +0.05 

t.m. 

-0.24 
-0.27 

318  BIRMINGHAM 
Yellow-Green  Region 


Plate  G  a">3 

Plate  G  2*4 

Plate  G  379 

Mean 
Scale  Reading 

Wave-LeDgth 
Fe 

Ai 

A2 

Mean 
Scale  Reading 

Wave-Length 
Fe 

Ai 

As 

Mean 
Scale  Reading 

Wave-Length 
Ti 

Ai 

A2 

mm. 
57.2442 
58.6969 
59.6921 
61.0101 
61.9368 
63.4698 
66.0718 
66.5119 
68.1374 

t.m. 
5169.16 
5221.30 
5269.72 
5328.24 
.^311.10 
5447.13 
5.586.99 
5615.80 
5710.75 

+76 
00 
00 

-17 
00 

-1-04 

-05 
00 

+26 

+67 
00 
-08 
-05 
-08 
-01 
-09 
-01 
-33 

mm. 
55.0796 
56.550.9 
57.5747 
58.9138 
59.8623 
61.43.32 
64.09.32 
64.6062 
66.2106 

t.m. 
5169.16 
5227.. 90 
5269.72 
5328.24 
.5311.10 
5447.13 
5586.99 
.Vil5.80 
5710.75 

+32 

00 

-22 

-27 

00 

+18 

-1-06 

00 

+11 

+13 
-09 
-06 
-11 
00 
-05 
-09 
-01 
-13 

52.1192 
53.1100 
53.8872 
55.2i:i1 
56.6576 
57.2398 
58.01.'i3 

t.m. 
5336.91 
5.381.20 
5418.98 
.')490..W 
5,565 .  70 
,5598.  ± 
5644.36 

00 

+14 

-20 

00 

-05 

"o6 

00 

+14 

-20 

UO 

-05 

"66 

c 

98.4298 

-109164.979 

3093.. 30 

-8.8018 

1117.'!2.492 

;^087.52 

101.8200 

-lll.-.(;(>.(r29 

.3029. 39 

t.m. 

Reduction  to  Sun:    X5200    +0.16 
X5800    +0.17 

t.m. 

-|-o.a3 

+0.03 

t.m. 
0.00 
0.00 
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74  SCHJELLERUP 
Blue  Region 


PL.4TE  G   383 

Pl.ite  G  391 

Mean 

Waye-Length 

Mean 

Wave-Length 

Scale  Reading 

Ti 

Scale  Reading 

Ti 

59.1101 

t.m. 
4367.81 

00 

-12 

63.7228 

t.m. 
4338.05 

00 

+02 

58.6411 

4387.01 

-05 

-11 

62.0096 

4367.81 

-10 

-03 

56.5137 

4427.27 

+15 

+15 

60.9454 

4387.01 

-13 

-04 

54.9766 

4457.59 

00 

+04 

58.8166 

4427.27 

-13 

-02 

53.4843 

4488.98 

+32 

+38 

57.2945 

4457.59 

-08 

+02 

52.1098 

4518.20 

-02 

+03 

55.8020 

4488.98 

-36 

+43 

50.4506 

4555.66 

-11 

-10 

54.6765 

4512.88 

-03 

+01 

49.0041 

4590.12 

00 

-04 

52.7859 

4555.66 

+a5 

+04 

47.9038 

4617.41 

+09 

00 

51.3.311 

4590.12 

00 

-08 

45.4380 

4682.09 

+15 

+02 

50.2342 

4617.41 

+13 

+01 

42.7401 

4758.87 

-22 

-22 

49.3627 

4639.81 

+35 

+19 

41.2337 

4805 . 44 

00 

-10 

47.7783 

4682.09 

+57 

H 

h35 

39.6574 

4856.20 

-53 

-37 

45.0831 

4758.91 

+50 

[■9A 

36.1047 

4981.91 

-24 

00 

43.5719 
41  9998 

4805.44 
4856.20 
4981.91 

+77 

+54 

00 

- 

hsi 

-32 

38.4530 

vu 

.So 

-14.0069 

-12.5623 

c 

96452.828 

99163.762 

\ 

3059.39 

3038.14 

Reduction 

t.l 
to  Sun:       X4400     -0 

27 

t.m. 

-0.41 

X5000     -0 

30 

-0.47 

74  SCHJELLERUP 
Yellow-Green  Region 


Plate  G  373 

Plate  G  3«6 

Mf-an 

Wave-Length 

Mean 

Scale  Reading 

Ti 

Scale  Reading 

Ti 

mm. 
49.4201 

t.m. 
5173.92 

00 

+05 
-03 

46.2325 

t.m. 
5129.32 

+23 

-23 

48.9478 

5193.15 

-04 

45.1015 

5173.92 

00 

-07 

48.5252 

5210.55 

-17 

-09 

44.2076 

5210.55 

-18 

—  06 

46.8421 

5283.63 

+15 

+25 

42.5254 

5283.63 

+06 

+20 

45.6696 

5336.96 

-16 

-06 

41.3588 

5336.96 

-06 

+05 

44.7454 

5381.20 

-06 

+02 

40.4318 

5381.20 

-14 

-06 

43.9827 

5418.98 

00 

+05 

39.6717 

5418.98 

00 

+05 

42.7605 

5481.64 

-38 

-36 

38.4555 

5481.64 

-14 

-12 

41.2329 

5565.70 

-56 

—.55 

38.0363 

5504.10 

-10 

-08 

40.6544 

5598.52 

36.9235 

5565.70 

-07 

-05 

39.8877 

5644.36 

66 

+03 

35.5795 

56-^^.37 

00 

+04 

38.3625 

5739.69 

+12 

+21 

34.5041 

5710.75 

-10 

-03 

-So 

-3.2991 

-7641.6 

c 

112342.502 

112652.526 

^0 

3042.96 

3038.56 

Reduction 

t.n 

to  Sun  :        X  5200     -0 

X  5800     -0 

11 
13 

t.m. 

-0.41 
-0.46 
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78  SCHJELLERUP 
Blue  Region 


Plate  G  34i 

PL.iTE  G  392 

Mean    • 

Wave-Length 

Mean 

Wave-Length 

Ai 

Scale  Reading 

Ti 

Scale  Reading 

Ti 

mm. 

t.m. 

mm. 

t.m. 

63.16T2 

4367.81 

00 

+05 

54.8138 

4367.81 

+16 

+06 

62.1143 

4387.00 

-16 

-05 

53.7^95 

4387.00 

00 

-02 

60.8363 

4411.24 

-18 

-01 

52.4548 

4411.24 

-09 

-04 

58.5141 

4457.59 

-22 

00 

50.0992 

4457.59 

-29 

-12 

55.9369 

4512.88 

-22 

+02 

47.4950 

4512.88 

-23 

+01 

54.0798 

4555.64 

-04 

+10 

45.6095 

4555.64 

-19 

+04 

52.6517 

4590.11 

-03 

+02 

44.1637 

4590.11 

-18 

+01 

51.5650 

4617.41 

00 

-04 

43.0637 

4617.41 

-15 

00 

49.1406 

4682.08 

+19 

-03 

40.6050 

4682.09 

00 

00 

47.0254 

4742.94 

+36 

+02 

38.4597 

4742.94 

+12 

00 

43.9084 

4841.00 

+35 

+01 

36.4094 

48ffi.44 

+28 

+09 

42.1884 

4900.10 

+34 

+09 

35.3002 

4841.(10 

+18 

-04 

3.9.977.? 

4981.91 

00 

-03 

33.9a33 

4885.25 

+21 

+02 

31.3066 

4981.91 

00 

00 

-So 

-10.3146 

-20.1282 

c 

97825.  Oil 

100724.798 

x„ 

3036.52 

3023.61 

Reduction 

t.m. 
to  Sun:       X44n0     -0.41 
X5000     -0.47 

t.m. 

-0.42 
-0.47 

78  SCHJELLERUP 
Yellow-Green  Region 


Plate  G  300 

Plate  G  384 

Mean 

Wave-Length 

Mean 

Wave-Length 

Scale  Reading 

Fe 

Scale  Reading 

Ti 

mm. 

t.m. 

mm. 

t.m. 

48.6220 

5169.16 

+80 

+80 

48.7537 

5129.32 

-01 

-01 

47.1559 

5227.30 

00 

+08 

47.6129 

5173.92 

00 

+08 

47.0039 

5233.12 

-48 

-22 

46.7019 

5210.55 

-37 

-24 

46.1419 

5269.72 

-38 

00 

43.8175 

5,336.96 

-15 

-08 

44.8091 

.5.328.24 

-46 

-01 

42.8835 

5381.20 

00 

+02 

43.87.52 

5.371 .  70 

00 

+26 

42.1128 

5418.98 

+10 

+07 

42.3283 

5447.13 

+56 

+41 

40.4598 

5504.10 

+12 

+04 

39.6709 

5586.99 

+01 

-25 

39.a302 

5565.70 

-05 

-15 

39.1611 

567.5. 87 

00 

-24 

37.9753 

5644.37 

+31 

+22 

37.-5737 

5710.75 

+91 

+78 

36.4263 

5739.69 

-11 

-17 

34.2046 

5890.19 

00 

+04 



34.1190 

5896.16 

-16 

-09 

So 

-6.1.511 

-5.4517 

c 

117379.147 

112414.141 

\ 

3025.37 

3055.48 

R*^duction 

t.n 

to  Sun:       X5200    -0 

X5800     -0. 

47 
52 

t.m. 

-o.:i') 

-0..39 

276 


George  E.  Hale,  Ferdinand  Ellerman,  and  J.  A.  Parkhurst 


27 


132  SCHJELLERUP 
Blue  Region 


A  328 

G  309 

G  368 

Mean 

Wave-Length 

■^1 

Mean 

Wave-Length        a 

Mean 

Wave-Length 

Scale  Reading 

Ti 

Scale  Reading 

Fe 

Scale  Reading 

Ti 

mm. 
31.5024 

t.m. 
4395.17 

-02 

-03 

62.4163 

t.m. 
4404.93 

XT 

("X 

)           56.7597 

t.m. 
,^587.07 

0(.1 

+03 

31.9008 

4399.92 

00 

+01 

60.2114 

4447.89         - 

48 

+6r 

54.6542 

4427.27 

-14 

+03 

34.1584 

4427.28 

-07 

+01 

59.2437 

4466.73        - 

L7 

— o; 

53.1443 

4457.59 

-29 

-03 

35.4942 

4443.97 

-13 

-01 

57.8957 

4494.74        - 

22 

-o; 

52.0070 

4481.44 

-27 

+03 

35.9139 

4449.32 

-12 

+01 

57.2672 

4508.38        - 

)5 

-2 

50.. 5589 

4512.88 

-32 

00 

36.5603 

4457.59 

-17 

-a3 

56.3247 

4528.79 

H) 

-o; 

;         48.6922 

4.555.66 

-27 

+02 

38.3718 

4481.41 

-17 

+01 

55.4063 

4549.64        - 

L5 

+i( 

1         47.2555 

4590.11 

-37 

-14 

39  8503 

4501.43 

-10 

00 

53.9336 

4584.02        - 

18 

+()•. 

2         45.3119 

4639.83 

-03 

+05 

40.6756 

4512.88 

-17 

+02 

50.8472 

4661.67 

00 

« 

1         43.7368 

4682.09 

00 

00 

41.7110 

4527.48 

-15 

+03 

49.2341 

4705.54        + 

22 

+« 

5         41.6096 

4742.98        —15 

00 

42.9227 

4544.83 

-24 

-08 

46.3933 

4788.37        + 

21 

-0- 

39.5773 

4805.44        —28 

-01 

43.449 

4552.62 

-15 

00 

43.7829 

4871. PO        + 

01 

-V 

1         38.0231 

4856.20        -24 

-01 

43.6524 

4555.64 

-13 

+01 

43.2143 

4891.67        + 

47 

+3' 

J         36.7454 

4900.09        —12 

+03 

44.2083 

4563.94 

-08 

+05 

42.2717 

4924.12 

X) 

-0- 

34.5165 

4981 . 91 

00 

-03 

45.9286 

4590.11 

-01 

+06 

41.3449 

4957.65 

(X) 

+0. 

47.6681 

4617.41 

-03 

-03 

48.0299 

4623.24 

00 

-02 

48.4157 

4629.47 

00 

-05 

50.0564 

4656.60 

+07 

-05 

50.7129 

4667.76 

+14 

-01 

51.5433 

4682.08 

+23 

+05 

52.5096 

4698.94 

+21 

00 

54.9363 

4742.94 

+25 

-02 

55.8169 

4759.44 

+23 

-06 

59.9223 

4841.00 

+36 

+07 

62.0044 

4885.25 

+32 

+08 

66.2345 

4981.91 

00 

00 

67.5660 

5014.40 

-16 

-04 

•% 

147.40" 

0 

-10.8&53 

-16.6050 

c 

-158930.8: 

5 

100360.323 

100.308.460 

\„ 

3023. f 

7 

30.35.41 

3019.75 

Keduction  t 

oSun:      X44 

t 

00    +( 

1.09 

t.m. 
-0.12 

t.m. 

-0.38 

X50 

00    + 

J  11 

-0.14 

-0.43 

132  SCHJELLERUP 
Yellow-Green  Region 


Plate  G  299 

Plate  G  301 

Wave-Length 

Fe 

Mean 
Scale  Reading 

^1 

A2 

Mean 
Scale  Reading 

■^1 

A2 

t.m. 
5169.19 

mm. 

mm. 
47.1218 

+12 

-03 

5227.30 

45 . 0723 

00 

+04 

45.6560 

00 

+07 

52a3.12 

44.9302 

-10 

-04 

45.5089 

-26 

-16 

5269.72 

44.0654 

-28 

-09 

44.6418 

-23 

-03 

5328.24 

42.7445 

-29 

00 

43.3136 

-14 

00 

5371.70 

41.8117 

00 

+.32 

42. .37 19 

00 

-04 

5447.13 

40.2555 

-23 

+07 

40.8215 

+42 

-38 

5.586.99 

37.6158 

-28 

-16 

38.1675 

+03 

--01 

56! 5. 80 

37.1108 

00 

+06 

57.6577 

00 

--01 

5710.75 

35.5259 

+94 

+70 

36.0667 

+61 

+72 

•"''o 

-i 

*.9628 

_ 

7.3702 

c 

12151 

)4.394 

U5i 

75.198 

^0 

2 

)78.68 

3 

040.17 

t.m. 

t.m. 

Red.      X  5200 

0.00 

-0.01 

to  Sun:  X  5800 

0.00 

-0.01 

277 


28 


The  Spectra  of  Stars  of  Secchi's  Fourth  Type 


115  SCHJELLERUP 
Blue  Region 


Plate  G  363 

Plate  G  382 

Mean  Scale 

Wave-Length 

.^1 

Ao 

Mean  Scale 

Wave-Length 

^i 

A2 

Reading 

Ti 

Reading 

Ti 

mm. 

t.m. 

mm. 

t.m. 

51.2059 

4^7.59 

00 

-06 

55.9916 

4387.00 

00 

+(M 

49.3290 

4522.97 

+01 

+05 

54.8351 

4421.92 

-26 

-10 

48.4488 

4555.64 

-05 

+01 

53.7213 

4457.59 

-29 

-07 

47.5625 

4590.11 

+01 

+07 

52.1040 

4512.88 

-12 

+09 

46.8846 

4617.41 

-05 

-01 

51.9529 

4518.18 

-19 

+01 

45.3711 

4682.08 

00 

-04 

51.8199 

•l.-)22  97 

-16 

+03 

44.9979 

4698.94 

+13 

+06 

50.9310 

4.-).>).64 

+14 

+24 

44.0499 

4742.94 

+07 

-07 

50.0328 

4.")SK).11 

-09 

-12 

43.7169 

4759.07 

+18 

+01 

49..3.511 

4617.41 

00 

-16 

43.2898 

4779.98 

+10 

-09 

47.&30 

4682.08 

+41 

+05 

42.7865 

4805.56 

+30 

+^)7 

46.4976 

4712.94 

+51 

+11 

42.1030 

4841.00 

+08 

-12 

46.1608 

4758.87 

+37 

-02 

41.8180 

4&56.18 

-01 

-20 

45.2229 

4805.56 

+67 

+.33 

41.2918 

4885.25 

+15 

00 

44.529 

4841.00 

+16 

-08 

39.6410 

4981.91 

00 

00 

44.245 

4856.18 

+20 

00 

42.054.1 

4981.91 

00 

+02 

So 

7.517 

L 

10.3552 

c 

63628. 78< 

1 

61749.228 

\ 

3001.1 

i 

3033.93 

Reduction 

to  Sun:  X440« 

3        +0 

"25 

-o'oi 

X500( 

J        +0 

29 

-0.01 

115  SCHJELLERUP 
Yellow-Green  Region 


Plate  G  365 

Plate  G  374 

Mean  Scale 

Wave-Length 

Ai 

^2 

Mean  Scale 

Wave-Length 

-^1 

A] 

Beading 

Ti 

Reading 

Ti 

mm. 

t.m. 

mm. 

t.m. 

4.5.5753 

5173.94 

00 

+08 

46.4304 

5173.94 

00 

+01 

45.0954 

5193.15 

-44 

-32 

45.9616 

5193.15 

+06 

+  12 

44.6801 

5210.55 

-34 

-20 

45.5.358 

5210.. 55 

-24 

-15 

41.8458 

5336.96 

+04 

+08 

42.688 

.5.336.96 

-09 

+01 

40.92HS 

5381.20 

00 

-12 

4/.  76-45 

5.W1 .  20 

00 

+02 

40.1694 

5419.00 

--31 

+12 

41.00.31 

5419.00 

+10 

+04 

38. 54.33 

5504.10 

--28 

+03 

.39.6318 

.5409.90 

-05 

-20 

37.4.348 

5.565.70 

--23 

+04 

.38.2585 

5565.70 

+21 

+04 

36.0934 

5644.37 

00 

-06 

36.9095 

5644.37 

00 

-07 

.32.711 

5866.69 

-61 

-45 

So 

-6.428 

5 

-6. 3081 

c 

109710..3^ 

2 

112617.276 

\ 

.3064.21 

3 

.'M!8  .55 

Reduction  to  i 

3un  :        X  5200 
X5800 

t. 
+0. 
+0. 

n. 
29 
32 

+0.20 
+0.22 
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152  SCHJELLEIiUP  —  B\ue  Region 


Plate  G  316 

Plate  G  394 

Mean  Scale 

Wave-Length 

Scale  Mean 

Wave-Length 

, 

Reading 

Fe 

Reading 

Ti. 

mm. 

t.m. 

mm. 

t.m. 

58.4979 

4404.93 

00 

00 

6S.2942 

4387.01 

00 

00 

53.9627 

4494.74 

-28 

+02 

60.1744 

4427.27 

-04 

+05 

53.a353 

4508.38 

-05 

+26 

58  1132 

4468.66 

-17 

+02 

52.3887 

4528.79 

-34 

-05 

57.1631 

4488.86 

+04 

+25 

51.4690 

4549.64 

-18 

+08 

56.a399 

4512.88 

-25 

-02 

49.9958 

4584.02 

-15 

+04 

54.1548 

4555.66 

-21 

+01 

46.9014 

46(1 1.67 

00 

00 

52.7090 

4590.12 

-20 

-02 

45.2818 

4705.54 

—12 

00 

50.7415 

4639.77 

+02 

+09 

42.4443 

4788,37 

-33 

+01 

49.1495 

4682.09 

00 

-02 

39.8347 

4871.90 

-30 

00 

47.0010 

4742.98 

+14 

-01 

38.3177 

4924.12 

-18 

+01 

44.9514 

4805.44 

+35 

+14 

37.3848 

4957.65 

00 

-02 

43.3770 

4856.20 

+17 

-04 

42.0906 

4900.09 

+23 

+06 

39.8.372 

4981.91 

00 

-02 

-So 

-14.7723 

-11.8813 

c 

100044.671 

101624.571 

X» 

3039.51 

3016.95 

Reduction  to  i 

3un:    X4400 
X5000 

t.m. 
-0.13 
-0.15 

-o.Ts 

-0.17 

152  SCHJELLERUP  — Blue  Region 


Plate  A  313 

Plate  A  319 

Wave-Length 

Mean 

Wave-Length 

Scale  Reading 

Ti 

Aj 

Scale  Reading 

Ti                     ^ 

A2 

37.5957 

t.m. 

4417.88 

+06 

-1-02 

34.1864 

t.m. 
4400.74            - 

82 

00 

38.3621 

4-^:^7.27 

+01 

00 

36.4.392 

4427.28 

74 

+02 

40.7605 

4457.59 

-11 

-04 

37.7721 

4443.97           - 

72 

00 

41.6063 

4468.65 

-09 

00 

38.8.382 

4457.59           - 

72 

-04 

42.5699 

4481.41 

-13 

-02 

40.6509 

4482.84 

76 

-13 

44.0444 

4501.43 

-13 

-01 

42.1245 

4.501.43 

58 

-03 

44.8692 

4512.88 

-12 

00 

43.3250 

4518.20 

45 

+03 

45.9009 

4527.48 

-09 

+03 

43.9798 

4527.48 

D3 

+03 

47.1070 

4544  83 

-13 

-02 

45.1841 

4544.  a3 

36 

+01 

^7.8423 

4555.66 

-10 

00 

45.9218 

4555.64           - 

-w 

00 

48.4016 

4563.94 

-14 

-04 

46.4787 

45&3.94           - 

^0 

00 

48.9422 

4572.15 

-05 

-1-03 

48.2013 

4590.11           - 

23 

-03 

50.11.59 

4.590.11 

-04 

+01 

49.9321 

4617.41 

U8 

-04 

51.8489 

4617.41 

00 

-01 

50.2910 

4623.24 

UO 

00 

52.2117 

4623.24 

00 

-03 

51.. 3057 

4&39.75 

U3 

-05 

53.22.31 

4&39.85 

+13 

+06 

52.9721 

4667.76 

21 

00 

54.2.324 

4656.60 

+10 

00 

53.80.34 

4682.08 

28 

+01 

54.8889 

4667.76 

+15 

+03 

57.1887 

4742.94 

45 

+01 

55.72.34 

4682.08 

+14 

00 

58.0670 

47.59.44 

46 

-01 

59.1079 

4742.94 

+20 

-01 

60.4270 

4805.44           + 

53 

+01 

59.9186 

4758.30  du 

+33 

+11 

62.1738 

4841.00          + 

48 

-03 

59.9866 

4759.44 

+18 

-04 

64.2508 

4885.25           + 

48 

+04 

61.0.582 

4780. 

68.4778 

4981.91 

X) 

-01 

62. 3.381 

4805.25 

—18 

-05 

64.0888 

4841.00 

-21 

-01 

64.8097 

4856.18 

-27 

-1-05 

66.16&3 

4885.25 

--18 

00 

66.8.361 

4900.08 

--27 

+11 

67.4510 

4913.76 

--22 

+08 

70.3827 

4981.91 

00 

00 

So 

151 

.4543 

148.7024 

c 

-15881 

L.978 

-155701.597 

^0 

30 

23.00 

3041.09 

Reduction 

to  Sun:     \440C 

t.n 

-0 

13 

t.m. 

+0.08 

x.5oa 

-0 

15 

+0.10 
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The  Spectra  of  St.\ks  of  SecchTs  Fourth  Type 


152  SCHJELLERUP 
Yellow-Green  Rosion 


W.\te-Lesgth 

Fe 

Plate  G  275 

Pi,.\TE  G  291 

Plate  G  302 

Mean  Scale             .^i 
Reading 

A> 

Mean  Scale 
Reading 

Ai 

i2 

Mean  Scale 
Reading 

Al 

^2 

t.m. 
5169.19 
52-27.30 
5233.12 
5269.72 
5328.24 
5371.70 
5447.13 
5586.99 
5615.80 
5710.75 

46™^ 
45.3563 
45.2147 
44.3428 
43.0113 
42.0721 
40.5139 
37.8635 
37.3562 
35.7679 

+63 
-01 
-04 
-19 
-25 
-01 
00 
-36 
-28 
-01 

+52 
+01 
00 
00 
-03 
+10 
+01 
-11 
+01 
+36 

mm. 

'45.4829 

44! 4743 
43.1478 
42.2151 
40.&O80 
38.0212 
37.5066 
35.9205 

"66 

-22 

-37 

00 

-23 

-24 

-63 

00 

+06 

-62 
-12 
+07 
-20 

+11 
-22 
-51 

50.7350 
49.2714 
49.1235 
48.2586 
46.9297 
45.9897 
44.4318 
41.7862 
41.2756 
39.6857 

+70 
00 
-30 
-20 
-19 
00 

+a3 

+06 
00 

+73 

+53 

00 

-27 

00 

00 

+07 

-05 

00 

-01 

+84 

Constants  /  ^ 

-7.4490 

114977.007 

3049.92 

-7.7545 

117551.985 

3019.23 

-3.9509 

116954.193 

3029.83 

2d        jf" 
Constants  / . 

-7.4458 

114945.901 

.■3O0O..55 

Red.       X5200 
to  Sun:  X 5800 

+0.33 

+o'"22 
+0.26 

o'.ob 

0.00 

DETAILED  MEASURES  AND  REDUCTIONS 

The  following  tables  contain  the  detailed  measures  and  reductions,  made  by  Mr.  Parkhuist,  of 
the  spectra  of  eight  fourth-type  stars.  The  intensities  of  the  lines  were  estimated  on  a  scale  of  10, 
but  on  account  of  variations  in  exposure  time,  etc.,  these  numbers  should  be  taken  as  only  roughly 
approximate.  The  character  of  the  line,  whether  dark  (D)  or  bright  (B),  wide  (w)  or  nebulous  (n),  is 
indicated  in  the  second  column.  "Max."  indicates  the  point  of  maxiuuuu  intensity  of  a  bright  space. 
In  the  case  of  19  Piscium,  the  first  star  measured,  the  red-right  and  red-left  measures  are  given 
separately;  for  other  stars  the  combine:!  measures  are  given.  The  other  details  of  tlic  tables  will  be 
readily  understood  after  reference  to  pp.  17-20. 
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19  PISCIUM=213  SCHJELLERUP.    PLATE  G  264 
,  December  31,  G.M.T.  12^5.     Hour  angle,  W  1^6.     Star  fair  ;  comparison  fair. 


Chaeactee 

Red  Right 

Red 

Left 

Mean  Wave-Length 

Intensity 

Cor. 

Mean 

Wave-Length 

Mean 

Wave-Length 

Uncor- 

P       .    ] 

Scale  Reading 

Reduced  to  Sun 

Scale  Reading 

Reduced  to  Sun 

rected 

Curve 

1 

D 

49.4583 

t.ra. 
4375.83 

mm. 

t.m. 

t.m. 
75.83 

+  4 

t.m. 

4375.87 

10 

wD 

49.0257 

4384.26 

36 '6497 

4,38,3 '92 

84.09 

+  2 

4,384.11 

2-3 

nD 

48.7164 

4390.35 

36.9718 

4390.26 

90.31 

+  5 

4,390., 36 

5 

wnD 

48.4777 

4395.09 

,37.2100 

4394.98 

95.04 

+  1 

4,395.05 

1 

nD 

48.1790 

4401.07 

.37.52.30 

4401.24 

01.16 

0 

4401.16 

3 

B 

48.1096 

4402.46 

37.. 5892 

4402.. 56 

02.51 

- 1 

4402.50 

10 

wD 

47.9844 

4404.99 

.37.71.33 

4405.07 

05.03 

-1 

4405.02 

•i 

D 

47.7966 

4408 . 80 

.37.8839 

4408., 53 

08.67 

-1 

4408.66 

4  5 

nn  D 

47.4732 

4415.40 

.38.2109 

4415.20 

15.. 30 

_  2 

4415.28 

1 

D 

47.0949 

4423.21 

38.6028 

4423.29 

23.25 

-3 

4423.22 

1 

B 

46.9227 

4426.80 

38.7784 

4426.94 

26.87 

-3 

4426.84 

2 

nD 

46.8768 

4427.76 

38.8158 

4427.72 

27.74 

-4 

4427.70 

3 

nD 

46.7556 

44:».29 

38.9412 

4430.34 

30.32 

-4 

4430.28 

6-7 

wnD 

46.4910 

44.35.86 

39.19.35 

4435.65 

35.76 

-5 

44a5.71 

1 

D 

46.3786 

4438.24 

39.3215 

44.38.36 

38. .30 

—  5 

44,38.25 

1-2 

nD 

45.9572 

4447.24 

.39.7.303 

4447.08 

47.32 

-6 

4447.26 

3 

nB 

45.8900 

4448.69 

39.8206 

4449.03 

48.86 

-6 

4448.80 

4-5 

nD 

45.8238 

44.50.11 

39.8816 

4450., 30 

50.21 

-6 

4450.15 

2 

nD 

45.5807 

4455.. 38 

40.12.34 

44,55.58 

55.48 

-7 

4455.41 

3-4 

nD 

45.2650 

4462.28 

40.4.334 

4462.  :35 

62., 32 

-8 

4462.24 

4 

wn  B 

45.1861 

4464.01 

40.5143 

4464.12 

64.07 

-8 

4463.99 

1 

nD 

45.1212 

4465.44 

40.5767 

4465.50 

65.47 

-8 

4465.. 39 

1 

nD 

44.9537 

4469.14 

40.7469 

4469.26 

69.20 

-8 

4469.12 

1-2 

nD 

44.4648 

4480.06 

41.2.307 

4480.06 

80.06 

-9 

4479.97 

2 

D 

44.37:35 

4482.06 

41.. 3301 

4482., 30 

82.18 

-9 

4482.09 

3 

B 

44.2939 

4483.92 

41.3986 

4483.85 

83.89 

-9 

4483.80 

2 

B 

44.1962 

4486.13 

41.. 5013 

4486.17 

86.15 

-9 

4486.06 

1-2 

D 

44.1344 

4487.54 

41.. 5647 

4487.84 

87.69 

-9 

4487.60 

3 

B 

44.0846 

4488.67 

41.6159 

4488.78 

88.73 

-9 

4488.64 

2-3 

D 

44.a336 

4489.83 

41.6&31 

4489.85 

■89.84 

-9 

4489.75 

6 

D 

43.7130 

4497.18 

41.9863 

4497.26 

97.22 

-9 

4497.13 

2-3 

D 

43.5090 

4.501.90 

42.1834 

4501.81 

01.86 

-9 

4.501.77 

6 

nD 

43.2936 

4.5(.K',.91 

42.. 3992 

4506.83 

00.87 

-9 

4506.78 

1 

D 

43.1708 

4509.78 

42,5209 

4509.68 

09.73 

-9 

4509.64 

wn  D 

43.0210 

4.513.. 31 

42.6451 

4.512.60 

12.96 

-9 

4512.87 

'2' 

nB 

42.8573 

4.517.17 

42.8.380 

4517.15 

17.16 

-8 

4517.08 

4 

D    . 

42.8054 

4.518.40 

42.8875 

4518., 32 

18., 36 

-8 

4518.28 

1 

D 

42.7142 

4520.57 

42.9886 

4520.72 

20.65 

-8 

4520.57 

3-4 

B 

42.6637 

4,521.77 

43.0.323 

4.521.76 

21.77 

-  8 

4521.69 

5   • 

D 

42.6061 

4,523.14 

43.0869 

4523.00 

23.07 

-7 

4523.00 

6 

wD 

42.4210 

4.527., 58 

43.2698 

4.527.44 

27.. 51 

—  7 

4527.44 

2-3 

nD 

42.2569 

45.31.53 

43.43,31 

4,5.31.-37 

.31.45 

-  7 

45.31., 38 

3  4 

D 

42.0727 

4.535.99 

43.6198 

4.5.35.89 

.35.94 

-7 

45,35.87 

3 

B 

42.0109 

45,37.49 

43.68,35 

4.537.44 

,37.47 

-7 

45,37.40 

3 

B 

41.9467 

45.39.06 

43.7505 

4,5.39.07 

.39.07 

—  7 

45,39.00 

3 

D 

41.8845 

4.540.58 

43.8122 

4540.58 

40.58 

-  7 

4540., 51 

1 

D 

41.7920 

4,542.84 

42.84 

-6 

4542.78 

2 

B 

41.7382 

4544.16 

4,3'96i2 

4544 '22 

44.19 

-6 

4544.13 

3 

B 

41.5867 

4547.89 

44.1094 

4547.87 

47.88 

-6 

4547.82 

5 

D 

41.5253 

4,549.41 

44.1622 

4.549.17 

49.29 

-6 

4549.23 

10 

wD 

41.. 3521 

4.553.70 

44.a387 

4553.55 

53.63 

-6 

4553.57 

Limits  ■. 

44.2780 

4,5,52.04 

52.04 

-6 

45,51.98 

44., 3920 

4554.87 

54.87 

-6 

4554.81 

3 

"d 

4i'6837 

4.560 '.40 

44.6095 

4,560., 31 

60.. 36 

-5 

4560.31 

3 

nB 

41.0220 

4561.95 

44.6776 

4,562.02 

61.99 

—  5 

4561.94 

2-3 

D 

40.9601 

4563.51 

44.7490 

4563.82 

63.67 

—  5 

4,5&3.62 

1 

D 

40.8795 

4565.55 

44.8262 

4565.76 

65.66 

-4 

4565.62 

wD 

40.6343 

4,571.76 

45.0599 

4571.69 

71.73 

-4 

4571.69 

'2' 

nB 

40.1663 

4583.78 

45.5262 

4583.65 

83.72 

—  -J 

4583.70 

1 

D 

40.1297 

4,584.72 

45.56,58 

4,584.68 

84.70 

-2 

4584.68 

1 

B 

40.1032 

4585.41 

45.5976 

4,585., 50 

85.46 

_  2 

4585.44 

2 

nD 

40.0609 

4.586.51 

45.6273 

4,586.27 

86., 39 

-2 

4586., 37 

1 

D 

39.8898 

4,590.96 

45.8109 

4.591.05 

91.01 

—  2 

4590.99 

2-3 

nD 

39.7594 

4,594., 37 

45.9,398 

4.594.42 

94.41 

-2 

4594., 39 

2 

B 

39.7022 

4595.88 

45.9924 

4595.81 

95.85 

_  2 

4.595.83 

1 

D 

39.5104 

4600.93 

46.18,51 

4600.88   . 

00.91 

-1 

4600.90 
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The  Spectra  of  Stabs  of  SecchTs  Fourth  Type 


19  PISCIUM  =  273  SCHJELLERUP.    PLATE  G  264  —  Contiinied 


Ch-ieactee 

Bed 

Right 

Bed  Left 

Mean  Wave-Length 

Intensity 

Cor. 
from 
Curve 

Mean 

Wave-Length 

Mean 

Wave-Length 

Uncor- 

Corrected 

Scale  BeadiQR 

Beduced  to  Sun 

Scale  Beading 

Beduced  to  Sun 

rected 

mm. 

t.m. 

mm. 

t.m. 

t.m. 

t.m. 

10 

wD 

39.2826 

4606.98 

46.4155 

4607.00 

06.99 

0 

4606.99 

2-3 

nB 

39.2156 

4608.77 

46.4797 

4608.71 

08.74 

0 

4608.74 

1-2 

B 

39.0789 

4612.43 

46.6124 

4612.26 

12. 35 

0 

4612  ,35 

1 

nD 

39.a230 

4613.93 

46.6604 

4613. 55 

J3.74 

0 

4613.74 

3 

B 

38.9832 

4615.00 

46.7142 

4615.00 

15.00 

+  1 

4615.01 

2 

D 

38.9309 

4616.41 

46.7644 

4616.35 

16.38 

+  1 

4616.39 

6 

B 

38.87&3 

4617.83 

46.8188 

4617.82 

17. 8;^ 

+  1 

4617.84 

4 

D 

38.8059 

4619.79 

46.8866 

4619.65 

19.72 

-f-1 

4619.73 

3 

B 

38.7468 

4621. 39 

46.9497 

4621,31 

21. 35 

+  2 

4621.37 

1 

nD 

38.6947 

4622.81 

46.9974 

4622.66 

22.74 

+  2 

4622.76 

4-5 

nD 

38.4561 

4629.. 32 

47.2.366 

4629.19 

29.26 

-1-2 

4629.28 

3 

B 

38.3865 

4631.23 

47.. 3098 

4631.20 

31.22 

+  3 

4631.25 

1 

D 

38.26:» 

4634.61 

47.4.331 

46;«.60 

34.61 

-1-3 

4634.64 

2 

D 

38.1573 

4637.56 

47.5;3:iO 

4637.. 36 

37.46 

+  3 

4637.49 

3 

B 

38.1179 

4638.65 

47. 5759 

4638.55 

38.60 

-1-3 

4638.63 

5-6 

D 

38.(J556 

4640.38 

47.6452 

4640.47 

40.43 

+  4 

4640.47 

3 

B 

38.0055 

4641.78 

47.6880 

4611.66 

41.72 

+  i 

4641.76 

wnD 

37.8532 

4646.  a3 

47.8299 

4645.62 

45.82 

+  4 

4645.86 

2^3 

B 

.■!7,(;ii.l6 

46.52.85 

48.0828 

4652.73 

52.79 

+  4 

46.52.83 

1 

D 

:i7  .".Tiy 

4653.82 

48.12.34 

4653.88 

53.85 

+  4 

4653  89 

1 

D 

:i7,4<t7 

4656.44 

48.2069 

4656.24 

56. 34 

--5 

4656.39 

wB 

.■!7.:!245 

4660.97 

48. 3673 

4660.80 

60.89 

- 

h5 

4660.94 

i-2 

D 

.■i7.21:j3 

4664.18 

48.4810 

4664.05 

64.12 

-5 

4664.17 

2 

nB 

37.1721 

4665.33 

48.5299 

4665.45 

65.. 39 

+  5 

4665.44 

3 

wn  D 

37.0754 

4668.11 

48.6189 

4668.01 

68.06 

+  5 

4668.11 

4 

D 

36.a-524 

4675.13 

48.8631 

4675.07 

75.10 

+  6 

4675.16 

1 

D 

36.5878 

4682.26 

82.26 

-f  6 

4682.32 

1 

nD 

36.3793 

4688.39 

88.. 39 

-7 

4688.46 

1 

nD 

36.2891 

4691.05 

49'4i64 

4691 !ii 

91.08 

-7 

4691.15 

1 

nD 

49.5178 

4694.29 

94.29 

-7 

4694.36 

3-4 

nD 

36.1639 

4696 '.55 

49.5915 

4696.48 

96.52 

+  7 

4696.59 

6 

wD 

35.5052 

4714.58 

50.1909 

4714.. 53 

14.56 

+  8 

4714.64 

1-2 

nD 

35.2360 

4722.82 

50.4498 

4722.45 

22.64 

+  8 

4722.72 

10 

wD 

34.8071 

47.36.11 

50.8826 

4735.86 

.35.99 

+  8 

47.36.07 

Head 

34.7613 

47.37.54 

50.9412 

4737.69 

37.62 

+  8 
+  8 

4737.70 

7-8 

"  B 

34.7296 

47.38.-53 

50.9701 

47.38.60 

.38.57 

47.38.65 

4-5 

nD 

34.5568 

4743.96 

51.1416 

4743.99 

43.98 

+  8 

4744.06 

7 

B 

34.4729 

4746.61 

46.61 

--8 

4746.69 

1 

nD 

34  3734 

4749.77 

5i!.3i89 

4749 '.60 

49.69 

+  8 

4749.77 

1-2 

nD 

34.0980 

47.58.. 55 

51.. 5904 

4758.26 

58.41 

-1-8 

4758.49 

1 

D 

.33.8663 

4766.01 

51.8205 

4765.67 

65.84 

-1-7 

4765.91 

1 

D 

as. 6630 

4772.61 

.52.03.36 

4772.58 

72.60 

+  ^ 

4772.67 

1 

nD 

33  3151 

4784.03 

52. 3886 

4784.24 

84.14 

+  6 

4784.20 

1 

n  r> 

a3.1489 

4789.53 

52.. 5.391 

4789.22 

89., 38 

+  6 

4789.44 

1 

n  0 

32.. 3595 

4816.17 

.53. 3197 

4815.. 55 

15.86 

+  4 

4815.90 

1-2 

n  D 

32.1.309 

4824.19 

.53.. 5.543 

4823.62 

23.91 

tl 

4823.94 

1 

nD 

32.0206 

4827  86 

5.3.6702 

4827.64 

27.75 

4827.78 

1 

n  D 

31.8764 

4832.87 

53.8143 

4832.65 

.32.76 

+  2 

4832.78 

1 

nD 

.31.2362 

48.55.. 50 

.54.4570 

4a55.37 

55.44 

0 

4855.44 

1 

n  D 

.30.87.55 

4868.. 50 

54.8195 

4868.44 

68.47 

-2 

4868.45 

1 

n  D 

30.. 5171 

4881.67 

55.1792 

4881  60 

81.64 

-4 

4881.60 

End 

27.5040 

4999.7 

99.7 

-10 

4999.6 

19  PISCIUM  =2n  SCHJELLERUP.    PLATE  O  .343 
1899,  October  4,  G.M.T.  1-5^5.    Hour  angle,  E  l'.'3.    Star  good  ;  comparison  excellent. 


8            w  n 

.5f).(J071 

4.394. 56 

.38. 3322 

4.394.17 

94.37 

his 

4394.55 

1                     0 

in  H.M.'i 

4.35)7.46 

.3S  1!K15 

4397.29 

97. 38 

- 

-18 

4.397.56 

3                    I> 

\u.i;:fM 

44(X).40 

.■W.tM22 

4400.25 

00.. 33 

- 

-18 

4400.51 

4                     I> 

V.I   17(13 

4404.79 

:{8.HH<)7 

4404,62 

04.71 

- 

-17 

4404.88 

4                    1' 

\:i  •JS71 

4408.. 31 

.'«).( k5:i3 

4407  95 

08.13 

- 

-17 

4408.. 30 

1                     li 

111  im:', 

4412.11 

:v.).2(m 

4411.!Hi 

12.04 

- 

-16 

4412.20 

2              wn  D 

1-  :':,ii 

4414.84 

.3i).4<J76 

4414.82 

14.83 

- 

-16 

4414.99 

2-3             wn  D 

1-    i]r-~ 

4420.. 38 

.39.0904 

4420.35 

20.37 

H 

1-14 

4420.51 

2S2 
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19  PISCIUM  =  273  SCHJELLERUP.    PLATE  G  Z^Z  — Continued 


Chaeactek 

Red  Bight 

Red  Left 

Mean  Wave-Length 

Intensity 

Cor. 
from 
Curve 

Mean 

Wave-Length 

Mean 

Wave-Lengtli 

Uncor- 

Corrected 

Scale  Reading 

Reduced  to  Sun 

Scale  Reading 

Reduced  to  Sun 

rected 

1-2 

D 

48.5498 

t.m. 
4422.70 

39.8116 

t.m. 
4422.73 

t.m. 
22  72 

+  13 

t.m. 
4422.85 

1-2 

D 

48.3316 

4427.01 

40.0362 

4427.17 

27.09 

+  12 

4427.21 

1-2 

nD 

48.1800 

4430.03 

40.1655 

4429.74 

29.89 

+  12 

44.30.01 

3 

nD 

47.9267 

4435.09 

40.4406 

4435.24 

35.17 

+  10 

44.35.27 

1 

nD 

47.7822 

4437.99 

40.5721 

4437.68 

37.84 

+  10 

4437.94 

2 

B 

47.7447 

4438.75 

40.6101 

4438.65 

38.70 

+  10 

44.38.80 

2-3 

nD 

47.4727 

4444.25 

40.8899 

4444.31 

44.28 

+   8 

4444.36 

1 

nD 

47.3391 

4446.97 

41.0111 

4446.78 

46.88 

+   8 

4446.96 

2 

'      n  B 

47.2673 

4448.44 

41.0901 

4448.39 

48.42 

+   "^ 

4448.49 

5 

nD 

47.2070 

4449.67 

41.1482 

4449.58 

49.63 

+   7 

4449.70 

1 

D 

47.0381 

4453.13 

41.3196 

4453.09 

53.11 

+   6 

4453.17 

3 

nD 

46.9446 

4455.06 

41.4083 

4454.92 

54.99 

+   6 

4455.05 

2 

nD 

46.6047 

4462.11 

41.7445 

4461.89 

62.00 

+   4 

4462.04 

3 

wB 

46.5158 

4463.96 

41.8452 

44a3.99 

&3.98 

+   4 

4464.02 

1 

D 

46.4568 

4465.19 

41.8949 

4465.01 

65.10 

+   3 

4465.13 

1-2 

D 

46.2890 

4468.71 

42.0685 

4468.47 

68.59 

+   3 

4468.62 

1 

D 

46.0997 

4471.70 

42.2541 

4472.58 

72.14 

+   2 

4472.16 

1-2 

nD 

45.9673 

4475.51 

42.3834 

4475.32 

75.42 

+   1 

4475.43 

1-2 

nD 

45.7601 

4479.91 

42.6037 

4480.01 

79.96 

0 

4479.96 

3 

nD 

45.6485 

4482.30 

42.7043 

4482.16 

82.23 

0 

4482.23 

2 

n  B 

45.5985 

4483.37 

42.7624 

4483.40 

83.39 

-    1 

4483.38 

1-2 

nD 

45.4012 

4487.62 

42.9453 

4487.34 

87.48 

-    1 

4487.47 

23 

D 

45.3018 

4489.76 

43.0516 

4489.63 

89.70 

-    2 

4489.68 

3 

nD 

44.9705 

4496.97 

43.3809 

4496.79 

96.88 

-    3 

4496.85 

5 

nD 

44.7524 

4501.75 

43.6090 

4501.79 

01.77 

-    5 

4501.72 

6-7 

D 

44.5174 

4506.93 

43.8266 

4506.59 

06.76 

-    6 

4506.70 

1 

D 

44.3840 

4509.89 

09.89 

-    6 

4509.83 

wn  D 

44.2512 

4512.85 

44! 6962 

45i2!4.5 

12.65 

-    7 

4512.58 

'3' 

D 

44.0040 

4518.39 

44.3443 

4518.14 

18.27 

—    7 

4,518.20 

3 

D 

43.7945 

4523.12 

44.5553 

4522.90 

23.01 

-    8 

4522.93 

4 

nn  D 

44.7429 

4527.16 

27.16 

-    9 

4527.07 

2 

D 

4.3.4324 

453i!35 

31.35 

-    9 

4531.26 

9 

D 

43.2400 

4535.80 

45!694i 

4.535!  i9 

35.50 

-10 

4535.40 

3 

nB 

43.1721 

4537.34 

45.1821 

4537.22 

37.28 

-10 

4537.18 

2 

B 

43.0953 

45.39.11 

45.2577 

4538.97 

39.04 

-10 

4538.97 

1 

D 

43.0385 

4540.42 

45.3146 

4540.29 

40.. 36 

-10 

4540.26 

2 

D 

'  42.8291 

4545.29 

45.5259 

4545.19 

45.24 

-10 

4545.14 

5 

wn  D 

42.6501 

4549.47 

45.6961 

4549.17 

49.32 

-11 

4549.21 

wD 

42.4800 

4553.50 

45.8860 

4553.62 

53.56 

-  11 

4553.45 

'3 

nn  D 

42.1870 

4560.40 

46.1819 

4.560.63 

60.52 

-12 

4.560.40 

2-3 

D 

42.0670 

45&3.30 

46.2803 

4562.98 

63.14 

-12 

45a3.02 

1-2 

nD 

41.9547 

4565.94 

46.4000 

4565.84 

65.89 

-12 

4565.77 

9 

w  D 

41.7074 

4571.88 

46.6.357 

4571.50 

71.69 

-12 

4571.57 

3 

nD 

41.5659 

4575.30 

46.7910 

4.575.25 

75.28 

-12 

4.575.16 

3-4 

nD 

41.4591 

4577.90 

46.8740 

4577.26 

77.60 

-12 

4577.48 

1 

D 

41.3520 

4580.51 

47.0021 

4.580.. 39 

80.45 

-12 

4580.33 

1 

D 

41.2903 

4582.01 

47.0640 

4581.90 

81.96 

-12 

4581.84 

1-2 

D 

41.1819 

4584.67 

47.1639 

4584.35 

84.51 

-12 

4584.39 

2 

nD 

41.1100 

4586.43 

47.2458 

4586.36 

86.40 

-12 

4586.28 

1 

nD 

40.9181 

4591.16 

47.4355 

4591.  a3 

91.10 

-12 

4590.98 

2 

nD 

40.7915 

4594.30 

47.5709 

4594.. 39 

94.. 35 

-12 

4594.23 

1 

n*D 

40.6562 

4597.66 

47.69.37 

4597.44 

97.55 

-12 

4.597.43 

2 

nD 

40.5229 

4600.99 

47.8234 

46(».68 

00.84 

-12 

4600.72 

8 

wn  D 

40.2880 

4606.90 

48.0610 

4606.65 

06.78 

-12 

4606.66 

1 

nD 

40.1482 

4610.43 

48.1843 

4609.77 

00.10 

-12 

4609.98 

1-2 

nnD 

40.0085 

4613.98 

48.3444 

4613.84 

13.91 

-12 

4613.79 

3 

B 

39.9655 

4615.08 

48.. 3848 

4614.87 

14.98 

-12 

4614.86 

3 

D 

39.9165 

4616.33 

48.4351 

4616.15 

16.24 

-11 

4616.13 

6 

B 

39.8578 

4617.83 

48.4987 

4617.77 

17.80 

-11 

4617.69 

5-6 

D 

39.7825 

4619.76 

48.5691 

4619.58 

19.67 

-11 

4619.56 

4-5 

B 

39.7178 

4621.42 

48.6366 

4621.. 31 

21.37 

-11 

4621.26 

2 

nD 

39.6553 

4623.02 

48.6937 

4622.78 

22.90 

-11 

4622.79 

5 

D 

39.4078 

4629.42 

48.9408 

4629.16 

29.29 

-11 

4629.18 

5 

B 

39.3374 

4631.25 

49.0095 

4630.95 

31.10 

-11 

4&30.99 

3 

B 

39.0427 

4638.95 

49.3118 

46.38.85 

38.90 

-10 

4638.80 

6 

D 

38.9875 

4640.26 

49.3564 

4640.02 

40.14 

-10 

4640.04 

4 

B 

49.4215 

4641.76 

41.76 

-10 

4641.66 

1 

D 

.38!  4620 

4654! 22 

54.22 

-    9 

4654.13 
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19  PISCIUM  =  ^3  SCHJELLERUP.    PLATE  G  3^— Continued 


Chabacteb 

Bed  Right 

Bed  Left 

Mean-  Wa> 

e-Length 

Cor. 
from 
Curve 

Mean 

Wave-Length 

Mean 

Wave-Length 

Corrected 

Scale  Beading 

Reduced  to  Sun 

Scale  Reading 

Reduced  to  Sun 

reeled 

1 

D 

mm. 

t.m. 

49.9950 

t.m. 
4656.90 

t.m. 
56.90 

-    9 

t.m. 

4656.81 

10 

D 

'        35.538i 

4736.38 

36.:^ 

0 

4736.38 

Head 

3^).  4988 

4737.54 

,37.54 

0 

47.37., 54 

8 

B 

35.4654 

4738.53 

52.8867 

47.38.51 

38.52 

-    1 

47:W.53 

1 

D 

35.4245 

4739.74 

52.9286 

47,39.76 

39.75 

-    1 

47.39.76 

10 

wD 

35.2a37 

4743.92 

53.0573 

4743.58 

43.75 

-    1 

4743.76 

6 

B 

35.2043 

4746.29 

53.15.33 

4746.23 

46.26 

-   2 

4746.28 

2-3 

nD 

35.1009 

4749.38 

53.2585 

4749.38 

49.38 

--   2 

4749  40 

3 

B 

34.9146 

4754.98 

53.4435 

4754.94 

54.96 

--   2 

IT.'")!.  98 

1 

1) 

34.8816 

4755.98 

53.4860 

4756.23 

56.11 

--   3 

47.56.14 

2 

B 

34.aT34 

4756.83 

53.5053 

4756.81 

56.82 

+   3 

4T5(;.85 

4  5 

D 

31.8067 

4758.24 

53.5524 

4758.24 

58.24 

+   3 

47-)S.27 

1 

D 

34.5459 

4766.18 

53.8148 

4766.22 

66.20 

+   4 

47(i(i.24 

2 

nn  D 

34.3475 

4772.26 

54.0091 

4772.18 

72.22 

+   4 

4772.26 

^ 

nnD 

3:3.9685 

4784.00 

54., 3919 

4784.04 

84.02 

+   5 

4784.07 

2 

nD 

33.7998 

4789.28 

54.5603 

4789.31 

89.. 30 

+   6 

47S9-.36 

2-3 

nD 

32.9754 

4815.52 

55.3857 

4815.60 

15.56 

--   7 

4815.63 

1-2 

nD 

32.6015 

4827.68 

55.7579 

4827.71 

27.70 

-   7 

■lS-27.77 

2 

nD 

32.4702 

48:^.99 

55.8949 

4a32.21 

32.10 

--   7 

4S:i2.17 

1 

nD 

32.:U47 

48.36.13 

56.0150 

4aS6.17 

36.15 

--   6 

4s;ii;.21 

1 

nD 

32.2511 

48,39.22 

56.1065 

4839.20 

,39.21 

--   6 

4«:!lt.27 

1 

D 

56.2.309 

4843.34 

43.34 

-   6 

4843.40 

2 

nn  D 

56.5819 

4855.11 

55.11 

-   6 

48.55.17 

1 

nD        : 

56.7058 

4859.31 

.59., 31 

- 

-   (i 

48.^9., 37 

3-4 

nD 

30.9979 

488i.76 

57., 3555 

4881.61 

81.69 

- 

.   2 

4881.71 

2 

nn  D 

30.4566 

4900.75 

57.8980 

4900.66 

00.71 

+   1 

4',K)0.72 

1 

nn  D 

58.4450 

4920.25 

20.25 

-    2 

4920.23 

19  PlSCIUil  =  213  SCHJELLERUP.    PLATE  G  259 
1898,  December  29,  G.M.T.  ll'?6.    Hour  angle,  W  0'.'6.     Star  fair;  comparison  good. 


Chabactee 

Red  Right 

B 

ED  Left 

Me 

AN  Wave-Lenqth 

LVTESSITT 

Red. 

Cor. 
from 
Curve 

Mean 

Wave-Length 

Corrected 

Scale  Reading 

Reduced  to  Sun 

Scale  Reading 

Sun 

Reduced  toSun 

rected 

mm. 

t.m. 

mm. 

t.m. 

t.m. 

t.m. 

1-2 

nn  B 

42.3913 

5170.28 

47.. 3039 

-41 

70.50 

70.. 39 

-15 

5170.54 

10 

wn  D 

47.3712 

-41 

73.. 33 

73.. 33 

--15 

5173.48 

1 

B 

41.9086 

5190.72 

47.7853 

-41 

90.90 

90.81 

--13 

5190.94 

4 

D 

41.8593 

5192.  a3 

47.8180 

-41 

92.30 

92.57 

--12 

5192.69 

2 

nn  B 

41.7703 

5196.65 

47.9262 

-41 

96.94 

96.80 

--12 

--10 

5196.92 

1 

B 

41.6084 

52a3.G4 

48.0819 

-41 

03.66 

a3.66 

■5203.76 

3-4 

nB 

41.;3675 

5214.12 

48.3318 

-41 

14.. 54 

14., 33 

--   7 

,5214.40 

1 

n  D 

41, 31.37 

5216.47 

48.3753 

-41 

16.44 

16.46 

--   7 

5216.53 

3  4 

n  B 

41.2667 

5218.53 

48.4.328 

-41 

18.96 

18.75 

--    7 
--   5 

5218.82 

10 

wD 

41.0846 

5226.55 

48., 59.35 

-42 

20.03 

26.29 

5226.34 

1 

B 

41.02.58 

5229.16 

48.6722 

-42 

29.. 52 

29., 34 

--   4 

5229.38 

2 

D 

40.9115 

52.34.22 

48.77,55 

-42 

,34.11 

:J4.17 

--   2 
--   1 

,5234.19 

5 

wn  B 

40.a582 

5236.61 

48.a388 

-42 

,36.93 

36.72 

52.36.73 

,3-4 

B 

40.6661 

.5245.22 

49.02.52 

-42 

45.28 

45.25 

-    2 

5245.23 

5 

IJ 

40.6226 

5247.18 

49.0744 

-42 

47.50 

47., 34 

-    2 

,5247.32 

1-2 

n  B 

40.5786 

5249.16 

49.1177 

-42 

49.45 

49.31 

-    3 

5249.28 

12 

D 

40.. 5278 

,52.51.46 

49.1(Vi5 

-42 

.51.52 

51.49 

-    3 

52,51.46 

1 

nn  D 

40.4412 

.52!55..38 

49.2(>}3 

-42 

56.05 

55.72 

—    5 

5255.67 

6 

nn  D 

40.1159 

.5270.25 

49.5781 

-42 

70.44 

70., 35 

-    8 

5270.27 

2 

nn  B 

.39.9184 

,5279.. 38 

49.7770 

-42 

79.ft3 

79.51 

-    8 

,5279.43 

1-2 

nn  D 

.351.82.52 

.52a3.71 

49.8722 

-42 

84.05 

a3.88 

-    9 

.5283.79 

4 

n  1) 

.39.52(r7 

5207.98 

.-,(1.1716 

-42 

98.09 

98.04 

-10 

,5297.94 

3 

n  IJ 

:«).4195 

.5.302.76 

r,ii,'j7i5 

-42 

02.81 

02.79 

-10 

5;i()2.69 

4 

n  B 

.39..37.'{4 

.5.304.95 

:*).:a-ii 

-42 

05.23 

(J5.09 

-    9 

5;»5.00 

2 

n  B 

.39.2W4 

,5.313.00 

50.4890 

-42 

13.16 

13.08 

-    9 

.5.312.99 

1 

D 

,39.1691 

.5.314.69 

,50.. 5244 

-42 

14.86 

14.78 

-    9 

,5,314,69 

284 
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19  PISCIUM  =  213  SCHJELLEBUP. 

PLATE  G  ^9  — Continued 

Character 

Red  Right 

Red  Left 

Mean  Wave-Length 

Intensity 

Mean 

Wavc-Length 

Mean 

Red. 

Wave-Length 

Uncor- 

Cor. 

Corrected 

Scale  Reading 

Reduced  to  Sun 

Scale  Reading 

to  Sun 

Red.  to  Sun 

rected 

Curve 

4 

nnB 

mm. 
39.0968 

t.m. 
5318.16 

50.5956 

-42 

t.m. 
18.26 

t.m. 
18.21 

-    9 

t.m. 

5318.12 

1 

B 

39.0021 

5322.72 

50.6999 

-43 

23.28 

23.00 

-    8 

5322.92 

10 

vvD 

38.8775 

5329.05 

50.8212 

-43 

29.14 

29.10 

_    7 

5.329.03 

5-6 

wn  B 

38.6757 

5338.88 

51.0327 

-43 

39.44 

39.16 

_    5 

5.3.39.11 

1 

D 

38.6294 

5341.14 

51.0697 

-43 

41.26 

41.20 

_    5 

5,341.15 

2 

wnD 

38.4432 

5.350.30 

51.2497 

-43 

50.11 

50.21 

-    2 

.5.3.50.19 

2 

nB 

38.3991 

5352.46 

51.. 3054 

-43 

52.86 

52.66 

-    2 

5.352.64 

8 

wnD 

38.0117 

5371.82 

51.6930 

-43 

72.21 

72.02 

+   * 

5372.06 

6 

B 

37.9536 

5374.75 

51.7.509 

-43 

75.13 

74.94 

+   * 

5374.98 

1 

nD 

37.9101 

5376.94 

51.7913 

-43 

77.17 

77.06 

+    4 

5377.10 

2-3 

n  I) 

37.5143 

5397.13 

52.1880 

-43 

97.39 

97.26 

+  1^ 

5.397.43 

2-3 

nB 

37.3952 

5403.27 

52.. 3111 

-43 

03.74 

03.51 

+  19 

5403.70 

0-1 

nD 

37.3455 

5405.84 

52.3572 

-43 

06.13 

05.99 

4-20 

5406.19 

2 

nB 

37.3077 

5407.80 

52.3975 

-43 

08.21 

08.01 

4:22 

5408.23 

2-3 

nD 

37.2680 

5409.86 

52.4.355 

-43 

10.19 

10.03 

4:22 

5410.25 

2-3 

nB 

37.2237 

5412.17 

52.4764 

-43 

12.. 32 

12.25 

+  22 

5412.47 

7-8 

B 

37.1286 

5417.13 

52.5694 

-43 

17.17 

17.15 

^23 

5417.38 

2-3 

nD 

37.0772 

5419.83 

52.6253 

-43 

20.10 

19.97 

+  24 

5420.21 

4 

B 

37.0163 

5423.03 

52.6768 

-43 

22.80 

22.92 

+  24 

5423.16 

3 

nB 

36.9261 

5427.78 

52.7762 

-44 

28.02 

27.90 

+  25 

5428.15 

2 

nD 

36.8838 

5430.01 

52.8179 

-44 

30.23 

30  12 

+  25 

5430.37 

2 

B 

36.8507 

5431.77 

52.8.541 

-44 

32.14 

31.96 

+  25 

5432.21 

5-6 

B 

36.5954 

5445.37 

53.0982 

-44 

45.14 

45.26 

+  25 

5445.51 

4 

nD 

36.5472 

5447.95 

53.1541 

-44 

48.14 

48.05 

+  25 

5448., 30 

4 

nB 

36  4986 

5450.56 

53.2079 

-44 

51.03 

50.80 

+  25 

5451.05 

4-5 

nB 

36.4389 

5453.73 

53.2661 

-44 

54.16 

53.95 

+  24 

5454.19 

1 

nD 

36.3832 

5456.79 

53.. 3184 

-44 

56.99 

.56.89 

+  24 

54.57.13 

2-3 

nB 

36.3477 

5458.71 

53.. 3590 

-44 

59.19 

58.95 

+  24 

5459.19 

2 

B 

36.2779 

5462.50 

53.4243 

-44 

62.73 

62.62 

+  22 

5462.84 

2 

B 

36.2277 

5465.23 

53.4687 

-44 

65.14 

65.19 

+  22 

5465.41 

3 

nB 

36.1098 

5471.67 

53.5926 

-44 

71.91 

71.79 

+  20 

5471.99 

4-5 

B 

35.9516 

5480.37 

53.7442 

-44 

80.23 

80.30 

+  20 

5480.50 

2 

D 

35.9179 

5482.23 

53.7857 

-44 

82.52 

82.38 

+  14 

5482.52 

2-3 

B 

35.6763 

5495.65 

54.0230 

-44 

95.70 

95.68 

+   9 

5495.77 

2-3 

D 

35.6359 

5497.91 

54.0625 

-44 

97.91 

97.91 

+    7 

5497.98 

1 

nnD 

35.5692 

5501.64 

54.1385 

-44 

02.16 

01.90 

+   6 

5.501.96 

1 

D 

35.4805 

5506.63 

54.2208 

-44 

06.79 

06.71 

+   5 

5506.76 

2 

nB 

35.4377 

5509.05 

54.2629 

-44 

09.16 

09.11 

+   4 

5509.15 

1-2 

B 

a5.4032 

5511.00 

54.2908 

-44 

10.74 

10.87 

+   3 

5510.90 

1 

D 

35.0960 

5528.50 

54.6018 

-45 

28.43 

28.47 

-    2 

5528.45 

2 

nD 

34.8999 

5539.80 

54.8020 

-45 

39.96 

39.88 

-    2 

5539.86 

1 

nD 

34.7605 

5547.90 

54.9421 

-45 

48.09 

48.00 

-    5 

5547.95 

1 

D 

34.5117 

5562.48 

55.1884 

-45 

62.. 52 

62.50 

-    8 

5562.42 

3 

B 

34.4790 

5564.40 

55.2197 

-45 

64.. 36 

64.38 

-    8 

5564.30 

1 

D 

34.4454 

5566.40 

55.2536 

-45 

66.36 

66.. 38 

-    9 

5566.29 

1 

B 

34.1990 

5581.05 

55.4956 

-45 

80.75 

80.90 

-10 

5580.80 

8 

wD 

34.1483 

5584.09 

55.5469 

-45 

83.81 

83.95 

-11 

5!583.84 

3 

B 

34.1001 

5586.99 

55.. 5970 

-45 

86,82 

86.91 

-11 

5,586.80 

5 

B 

33.9318 

5597.15 

55.7733 

-45 

97.45 

97.. 30 

-15 

5597.15 

1 

D 

33.7340 

5609.19 

55.9694 

-45 

09.38 

09.29 

-16 

5609.13 

1-2 

B 

a3.6017 

5617.31 

56.0956 

-45 

17.12 

17.22 

-18 

5617.04 

2 

n  D 

33.4768 

5625.03 

56.2165 

-46 

24.57 

24.80 

-20 

5624.60 

8 

n  D 

33.3240 

5634.53 

56.3731 

-46 

34.29 

34.42 

-21 

56,34.21 

Head 

33.2937 

5636.42 

56.. 3994 

-46 

35.93 

36.18 

-22 

56,^5.96 

4 

"b 

32.9891 

5655.59 

56.7067 

-46 

55.25 

55.42 

-24 

5655.18 

1 

D 

32.7514 

5670.76 

56.9.552 

-46 

71.10 

70.93 

-27 

5670.67 

4 

B 

32.7059 

5673.68 

56.9978 

-46 

73.83 

73.76 

-27 

5673.49 

2 

B 

32.5241 

5685.43 

57.1765 

-46 

85.. 35 

85.. 39 

-29 

5685.10 

1 

D 

32.4993 

5687.04 

57.2066 

-46 

87.30 

87.17 

-29 

5686.88 

5 

B 

32.2264 

5704.89 

57.4762 

-46 

04.92 

04.91 

-30 

5704.61 

2 

nB 

32.1462 

5710.18 

57.5524 

-46 

09.94 

10  06 

-32 

5709.74 

6 

B 

32.0245 

5718.25 

18.25 

-33 

5717.92 

8 

nB 

57! 7693 

-47 

24!33 

24.33 

-33 

5724.00 
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19  PISCIUM  =  213  SCHJELLERUP.    PLATE  G  269 
1899,  January  6,  G  JkI.T.12^3.     Hour  angle,  W  l'.'9.    Star  excellent ;  comparison  fair. 


Characteb 

Red  Right 

Red  Left 

Mean  Wave-Length 

ISTENSITT 

Mean 

Wavo-Lenjrth 

Mean 

Red. 

Wave-Length 

Uncor- 

Cor. 
Curve 

Corrected 

Scale  Beading 

Reduced  to  Sun 

Scale  Reading 

to  Sun 

Red.  to  Sun 

rected 

mm. 

t.m. 

mm. 

t.m. 

t.m. 

t.m 

Head 

45.4603 

5167.99 

40.2512 

-49 

68.46 

68.23 

-1-25 

5168.48 

3 

"  B 

45.3811 

5171.09 

40.3168 

-49 

71.03 

71.06 

-25 

5171.31 

7 

D 

45.. 3160 

5173.64 

40.3754 

-49 

73.34 

73.49 

-24 

5173.73 

7 

nD 

45.0750 

51&3.14 

40.6286 

-49 

83. .35 

83.25 

--21 

5ia3.46 

■       2 

nB 

44.9766 

5187.14 

40.7239 

-49 

87.15 

87.15 

--21 

5187.36 

i 

B 

44.8689 

5191.32 

40.8267 

-49 

91.26 

91.29 

--20 

5191.49 

3 

D 

44.8188 

5193.32 

40.8691 

-49 

92.96 

93.14 

--20 

5193.34 

6 

B 

44.2a30 

5214.55 

41.4087 

-49 

14.81 

14.68 

--17 

5214.85 

1-2 

D 

44.2419 

5216.63 

41.4563 

-49 

16.76 

10.70 

--16 

5216.86 

5 

B 

44.19.30 

5218.63 

41.5093 

-49 

18.94 

18.79 

--15 

5218.94 

7 

D 

43.9928 

5226.85 

41.6988 

-50 

26.74 

26.80 

--13 

5226.93 

3-4 

B 

43.9293 

5229.47 

41.7817 

-50 

30.18 

29.  a3 

-12 

5229.95 

5 

D 

>       43.8077 

52.34.. 51 

41.8894 

-50 

.34.66 

34.59 

--10 

52.34.69 

i 

B 

43.7406 

5237.. 30 

41.9542 

-50 

.37.. 36 

37.33 

--   9 

5237.42 

1 

I> 

43.6673 

5240.38 

42.0263 

-50 

40.38 

40.38 

--   9 

5240.47 

2-3 

B 

43.. 5427 

5245.57 

42.1574 

-50 

45.88 

45.73 

-   7 

5245.80 

7 

D 

43.4924 

5247.69 

42.2067 

-50 

47.96 

47.83 

-   6 

5247.89 

5-6 

D 

43.39G7 

5251.72 

42.2991 

-50 

51.86 

51.79 

-   5 

52.51.84 

1 

D 

43.2901 

5256.20 

42.40.38 

-50 

56.. 30 

56.25 

+   3 

52,56.28 

6 

D 

42.9.589 

5270.35 

42.7438 

-50 

70.84 

70.62 

-    2 

5i!70.tjO 

3 

B 

42.7:&3 

5279.99 

42.9646 

-50 

80.39 

80.19 

-    6 

5280.13 

1 

nD 

42.f>542 

52a3.51 

43.0562 

-50 

84.38 

a3.95 

-    8 

.5243.87 

6 

D 

4-2. 3145 

5298.. 37 

43.3829 

-50 

98.70 

98.54 

-13 

5298.41 

2 

D 

42.2188 

5.302.59 

43.4734 

-50 

02.70 

02.  &5 

-13 

5,302.52 

2 

B 

41.9776 

5313.30 

43.7196 

-50 

13.66 

13.48 

-15 

5313.  a3 

1 

nD 

41.9277 

5315.53 

43.7670 

-50 

15.79 

15.66 

-15 

5315., 51 

6 

B 

41.87.58 

5317.85 

43.8262 

-50 

18.44 

18.15 

-15 

5.318.00 

1-2 

D 

41  8223 

5320.24 

43.8901 

-51 

21.. 30 

20.77 

-15 

.5.320.62 

6 

D 

4 1.1 1267 

.5.329.06 

44.0755 

-51 

29.68 

29.. 37 

-15 

.5.329.22 

3^ 

B 

41. 3948 

53.39.60 

44.2982 

-51 

39.83 

39.72 

-13 

,5.339. 59 

2 

D 

41..3.5a5 

.5341.35 

44.3428 

-51 

41.87 

41.61 

-11 

5.341.50 

3 

wD 

41.1081 

.53.50.01 

44.5278 

-51 

50.38 

.50.20 

-    8 

5,350.12 

2-3 

B 

41.10<J5 

.5352.85 

44.5875 

-51 

53.14 

53.00 

-    8 

&Ty2.92 

1 

D 

40.8959 

5362.63 

44.8062 

-51 

&3.31 

62.97 

-    2 

5,362.95 

1 

D 

40.806i 

5366.81 

44.9063 

-51 

67.99 

07.40 

-    1 

5367., 39 

2-3 

B 

40.7695 

5368.53 

44.9.336 

-51 

69.27 

68.90 

-    1 

5:368.89 

9 

D 

40.7048 

5371.57 

44.9855 

-51 

71.71 

71.64 

0 

.5371.64 

8-9 

B 

40.6295 

5375.11 

45.0693 

-51 

75.60 

75.39 

+   1 

5375.40 

2 

B 

45.1858 

-51 

81.17 

81.17 

--    1 

5:M.18 

1 

D 

46!2892 

5:^1.26 

45.4146 

-51 

92.07 

91.67 

--10 

.5391.77 

3 

B 

40.2482 

5393.22 

45.4463 

-51 

93.. 59 

93.41 

--11 

.5.393.. 52 

3 

D 

40.1643 

5397.^5 

45.5351 

-51 

97.85 

97.. 55 

--12 

.5.397 .  07 

2 

B 

40.0238 

5404.02 

45.6695 

-51 

04.. ^3 

04.18 

--15 

.5-41)-l.:i.3 

1 

nD 

39.9786 

5406.20 

45.7264 

-51 

07.09 

06.65 

--16 

.5I(K1.S1 

2-3 

D 

39.8862 

5410.68 

45.8061 

-51 

10.96 

10.82 

--17 

.5110.99 

1-2 

B 

.S9,a504 

5412.42 

45.84.55 

-51 

12.87 

12.65 

--17 

.5-112.82 

6-7 

B        ' 

.39.7.521 

5417.22 

45.9.381 

-51 

17.41 

17.32 

--17 

.5417.49 

2-3 

D 

39.0920 

5420.15 

46.0028 

-52 

20.55 

20.35 

--18 

.5120.. 53 

5-6 

B 

.■W.628<J 

5423.26 

46.0615 

-   52 

23.43 

23.. 35 

--18 

.51 2.3. .53 

1 

I) 

.39.-5843 

5425.44 

46.1077 

-52 

25.71 

25.. 58 

-18 

5425 . 76 

5 

B 

3t)..5389 

5427.68 

46.1533 

-52 

27.95 

27.82 

+  18 

.54-iS.(XJ 

4 

D 

.•S9.4848 

54.30.34 

46.2075 

-52 

30. &3 

30.49 

-18 

.51,30.07 

3 

B 

.'«(.4474 

54.32.19 

46.24a3 

-52 

32.65 

32.42 

--19 

.51.32.01 

1 

D 

TKl.lOll 

54.34.. 34 

46.2889 

-52 

34.66 

34.50 

--19 

.51.31.09 

4-5 

n  B 

:i9.18f>l 

5445.19 

46.5008 

-52 

45.22 

45.21 

--19 

5115.10 

6 

\) 

:!9.I278 

5448.12 

46.5619 

-52 

48.28 

48.20 

--18 

.511H.;i8 

3 

B 

.■;'.i.(k;25 

.54.51.40 

46.6228 

-.52 

51.34 

51.. 37 

--18 

.5451., 55 

3 

B 

.•{9.0108 

5454.00 

46.6817 

-52 

54.31 

54.16 

--18 

54,54.34 

2-3 

D 

38.9.571 

5456.72 

46.7.369 

-52 

57.10 

56.91 

--17 

54.57.06 

1-2 

B 

38.9104 

54.59.08 

46.7S>5 

-52 

59.55 

59.. 32 

--17 

.54.59.49 

1 

D 

46.8177 

-52 

61.19 

61.19 

--17 

,5101  .:!6 

3 

B 

.38!  82.50 

.546.3!  40 

46.8675 

-.52 

63.72 

&3.56 

--16 

,540.3.72 

1 

w  D 

38.7.310 

5468.20 

46.9599 

-52 

68.42 

()8.31 

--16 

5408.47 

2 

B 

.'J8.646<j 

5472.51 

47.0445 

-52 

72.74 

72.63 

+  15 

,5471!.  78 

1 

I) 

.38.6092 

5474.43 

47.0871 

-52 

74.92 

74.68 

tl.5 

.5474.82 

1 

]) 

38.5440 

5477.78 

47.1499 

-52 

78.15 

77.97 

.5478.10 
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19  PISCIUM^TiZ  SCHJELLERUP. 

PLATE 

G  269  — Continued 

Chaeactee 

Red  Right 

r 

ED  Left 

Me 

is  Wave-Len-gth 

Intensity 

Cor. 

Mean 

Wave-Length 

Mean 

Red. 

Wave-LeuKth 

Uncor- 

Corrected 

Scale  Reading 

Reduced  to  Sun 

Scale  Reading 

to  Sun 

Red.  to  Sun 

rected 

Curve 

mm. 

t.m. 

mm. 

t.m. 

t.m. 

t.m. 

4 

B 

38.4941 

5480.35 

47.1969 

-52 

80.57 

80.46 

+13 

5480.59 

2 

D 

38.4410 

5483.09 

47.2447 

-52 

83.03 

83.06 

+  13 

5483.19 

1-2 

B 

47.5016 

-52 

96.37 

96.37 

+10 

5496.47 

4-5 

D 

38!i482 

5498 '..3i 

47.54.34 

-52 

98.56 

98.44 

+10 

5498.54 

1-2 

nD 

38.0711 

5501.37 

47.6185 

-52 

02.49 

01.93 

+  9 

5502.02 

0-1 

D 

47.7153 

-52 

07.58 

07.58 

+  8 

5507.66 

1 

D 

3i'.8Yii 

55i2".73 

47.8232 

-52 

13.27 

13.00 

+  6 

5513.06 

1-2 

D 

37.6441 

5524.96 

48.0453 

-53 

25.07 

25.02 

+  3 

5.525.05 

1 

nD 

37.5802 

5528.38 

-53 

28.38 

+  3 

5.528.41 

2-3 

B 

37.5105 

5532.12 

48!i754 

-53 

32!64 

32.08 

+  2 

55^2.10 

1 

D 

37.4711 

5534.25 

48.2205 

-53 

34.47 

34.36 

+  1 

5534.37 

8 

nD 

37.3756 

5539.40 

48.3267 

-53 

40.20 

39.80 

-  1 

5539.79 

6 

B 

37.2942 

5543.81 

48.3952 

-53 

43.91 

43.86 

-  2 

5543.84 

1 

D 

37.2023 

5548.81 

48.4840 

-53 

48.73 

48.77 

-  2 

5548.75 

3 

B 

37.0998 

5554.42 

48.5945 

-53 

54.76 

54.59 

-  4 

5554 . 55 

1 

D 

37.0639 

5.556.38 

48.6355 

-53 

57.00 

56.68 

-  4 

5556  64 

1 

nD 

36.9497 

5562.66 

48.7458 

-53 

63.07 

62.87 

-  6 

5.562.81 

2-3 

B 

36.9118 

5564.75 

48.7787 

-53 

64.88 

64.82 

-  7 

5564.75 

3 

D 

36.8736 

5566.86 

48.8217 

-53 

67.25 

67.06 

-  7 

5566.99 

1 

D 

36.8023 

5570.82 

48.88.35 

-53 

70.67 

70.75 

-  8 

5570.67 

1 

B 

48.9165 

-53 

72.50 

72.50 

-  8 

5572.42 

1 

nD 

48.9489 

-53 

74.30 

74.30 

-  9 

.5574.21 

8-9 

D 

36'5648 

5584! 07 

49.1271 

-53 

84.24 

84.16 

-11 

5584.05 

5-6 

B 

36.5066 

5587.33 

49.1821 

-53 

87.  a3 

87.33 

-12 

5587.21 

1 

D 

49.2191 

-53 

89.40 

89.40 

-12 

5589.28 

1 

B 

36.4203 

5592! 20 

49.2823 

-53 

92.96 

92.58 

-13 

5592.45 

1 

nD 

49.3260 

-53 

95.43 

95.43 

-14 

5595.29 

4 

B 

36! 3247 

5597.61 

49.3721 

-53 

98.04 

97.83 

-14 

5597.69 

1 

nD 

36.2a36 

5599.94 

49.4118 

-53 

00.29 

00.12 

-15 

5599.97 

1-2 

nD 

36.1205 

5609.23 

49.. 5859 

-53 

10.20 

09.72 

-17 

5609.55 

0-1 

D 

36  0020 

5616.03 

49.6885 

-53 

16.07 

16.05 

-18 

5615.87 

2 

B 

35.9730 

5617.70 

49.7208 

-53 

17.93 

17.82 

-18 

5617.64 

1 

nD 

35.9290 

5620.24 

49.7598 

-53 

20.17 

20.21 

-19 

5620.02 

2 

nD 

35.8487 

5624.87 

49.8462 

-54 

25.15 

25.01 

-20 

5624.81 

2 

B 

35.7903 

5627.26 

49.9022 

-54 

28.39 

27.83 

-21 

5627.62 

2 

B 

a5.7484 

5630.70 

49.9456 

-54 

30.91 

30.81 

-21 

5630.60 

10 

D 

35.6890 

5634.16 

50.0033 

-54 

34.26 

34.21 

-21 

5634.00 

Head 

35.6562 

5&36  07 

50.0416 

-54 

36.49 

36.28 

-23 

5636.05 

"e 

B 

35.6326 

5&37.45 

50.0673 

-54 

37.99 

37.72 

-23 

5637.49 

6 

B 

35.5672 

5641.29 

50.1241 

-54 

41.31 

41.30 

-24 

5641.06 

1 

D 

35.5218 

5643.95 

50.1686 

-54 

43.92 

43.94 

-25 

5643.69 

3 

nB 

35.4712 

5646.93 

50.2250 

-54 

47.23 

47.08 

-25 

5646.83 

0-1 

D 

35.4149 

5650.25 

-54 

50.25 

-25 

5650.00 

8 

B 

35.a360 

5654.93 

56! 3578 

-54 

55!  07 

55.00 

-26 

56.54.74 

1 

D 

35.2609 

5659.39 

50.4264 

-54 

59.13 

59.28 

-27 

5659.01 

1-2 

D 

35.0569 

5671.68 

50.6441 

-54 

72.11 

71.90 

-30 

5671.60 

2-3 

B 

35.0141 

5674.16 

50.6803 

-54 

74.28 

74.22 

-30 

5673.92 

1-2 

D 

34.9730 

5676.63 

50.7203 

-54 

76.69 

76.66 

-31 

5676.35 

1 

B 

34.9259 

5679.48 

50.7638 

-54 

79.31 

79.40 

-31 

5679.09 

1 

B 

34.8330 

5685.10 

50.8493 

-54 

84.47 

84.79 

-31 

5684.48 

4 

wn  B 

34.6899 

5693.82 

51.0091 

-54 

94.17 

94.00 

-33 

5693.67 

0-1 

D 

34.6358 

5697.13 

51.0672 

-54 

97.72 

97.43 

-33 

5697.10 

3 

B 

34.4907 

5706.05 

51.1990 

-54 

05.80 

05.93 

-35 

5705.58 

2 

D 

34.44a3 

5708.66 

51.24.38 

-54 

08.55 

08.61 

-35 

5708.26 

2 

B 

34.4073 

5711.20 

51.2838 

-54 

11.02 

11.11 

-35 

5710.76 

1 

D 

34.3754 

5713.18 

51.3171 

-54 

13.07 

13.13 

-36 

5712.77 

1 

B 

34.3453 

5715.05 

51.3577 

-54 

15.58 

15.32 

-36 

5714.96 

2 

B 

34.2939 

5718.24 

51.3960 

-54 

17.96 

18.10 

-36 

5717 . 74 

4 

B 

34.1903 

5724.71 

51.5036 

-54 

24.65 

24.68 

-37 

5724.31 

3 

D 

34.0749 

5731.94 

51.6266 

-54 

32.34 

32.14 

-37 

5731.77 

2 

nD 

33.8804 

5744.23 

51.8313 

-55 

45.23 

44.73 

-39 

5744.34 

1 

nB 

51.8584 

-55 

46.95 

46.95 

-39 

5746.56 

1 

nD 

as! 7952 

5749.64 

51.8955 

-55 

49.30 

49.47 

-39 

5749.08 

3 

nB 

33.6737 

5757.41 

52.0189 

-55 

57.16 

57.29 

-40 

5756.89 

2 

nD 

33.5835 

5763.21 

52.0912 

-55 

61.78 

62.50 

-40 

5762.10 

3 

wnB 

33.5161 

5767.55 

52.1736 

-55 

67.07 

67.31 

-41 

5766.90 

1 

nB 

33.3802 

5776.36 

52.3036 

-55 

75.46 

75.91 

-42 

5775.49 

1 

nD 

52.3455 

-55 

78.18 

78.18 

-42 

5777.76 
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19  PISCIUM=213  SCHJELLERVP.    PLATE  G  269  — Con tt awed 


Red  Right 

Red  Left 

Mean  Wave-Lenoth 

IXTEXSITlL 

t'H.tB.lCTEE 

Mean 
Scale  Reading 

Wave-Length 
Reduced  to  Sun 

Mean 
Scale  Reading 

Red. 
to  Son 

Wave-Lencth 
Red.  to  Sun 

Uncor- 
rected 

Cor. 
from 
Curve 

Corrected 

1-2 
3 

1-2 

1 

D 

n  I) 

D 

nD 

33.3122 
:K.2:i71 
33.0335 

t.m. 
5780.79 
5785.70 
5799.10 

mm. 
52.3798 
52.4504 

53! 0274 

-55 
-55 
-55 
—55 

t.m. 
80.40 
85.39 

23!i3 

t.m. 
80.60 
85.55 
99.10 
23.13 

-42 
-42 
-44 
-44 

t.m. 
5780.18 
5785.13 
5798.66 
5822.69 

19  PISCIUM=21H  SCHJELLERVP.    PLATE  C5  293 
1899,  January  27,  G.  M.  T.  13M).    Hour  angle,  W  SW.    Star  good  ;  comparison  good. 


mm. 

t.m. 

mm 

t.m. 

t.m. 

t.m. 

1-2 

rniD 

44.3276 

5173.18 

43.8093 

-40 

73.51 

73.35 

+13 

5173.48 

2 

n  D 

44.0579 

5ia3.83 

44.0609 

-40 

83.46 

a3.65 

+12 

.5ia3.77 

1 

n  D 

43.9.3.35 

5188.78 

-40 

88.78 

+11 

.51SS,81) 

12 

B 

43.8898 

5190.52 

it! 2470 

-40 

96!88 

90.70 

51i)0.81 

2 

n  D 

43.a346 

5192.73 

44.2902 

-40 

92.61 

92.67 

+  11) 

51112.77 

2 

n  B 

43.7226 

5197.22 

44.3986 

-40 

96.96 

97.09 

+10 

5197.11) 

2 

nB 

43.. 3026 

5214.24 

44.&348 

-40 

14.66 

14.45 

+  !< 

,5211.. 54 

1 

n  D 

43.2445 

5216.61 

44.8875 

-40 

16.81 

10.71 

+  7 

5216.78 

1 

B 

43.2(J21 

5218.35 

44.9238 

-40 

18.30 

18. ,3:3 

+  7 

5218.40 

1 

nD 

43.02*5 

5225.50 

-40 

25.. 50 

+  '> 

.5225.. 55 

12 

D 

42.82.59 

52"i3,88 

45! 3063 

-40 

.34!ii 

.34.00 

+  i 

.5'2.34.04 

1 

I) 

42.t»96 

5239.56 

45.4421 

-40 

39.78 

.39.67 

+  -'J 

,5239.70 

12 

1! 

42.. 5729 

5244.45 

45.5789 

-40 

45.52 

44.9!) 

+  1 

.5245.  a) 

4 

I) 

42.. 5058 

5247.28 

45.6200 

-40 

47.25 

47.27 

0 

.5247.27 

1 

i; 

42.4700 

5248.78 

45.6770 

-40 

49.66 

49.22 

0 

52  III.  1^2 

3 

\) 

42.4172 

5251.01 

45.7135 

-40 

51.20 

51.11 

0 

,52.51,11 

1 

D 

42.. 3108 

5255.51 

45.8297 

-40 

56.12 

55.82 

-  1 

5i;.5.5,sl 

7 

n  D 

41.9689 

5270.10 

46.1627 

-41 

70.35 

70.2.3 

-  .3 

.5270. -JJ 

2-3 

n  B 

41.7429 

5279.85 

46.39.30 

-41 

80.. '30 

80.08 

-  5 

.52SO.0;! 

1-2 

D 

41.G892 

5282.19 

46.44.31 

-41 

82.48 

82.. 34 

—  5 

,52S-J.'Jlt 

3 

D 

41.. 32.53 

5298.11 

46.8156 

-41 

98.80 

98.46 

—  5 

521 1'^    II 

1 

n  D 

41.2195 

5.302.78 

46.9097 

-41 

02.90 

02.87 

—  5 

,5:!ii-j  .s-j 

12 

B 

41.1673 

5306.09 

46.9693 

-41 

0:5.00 

05.  a5 

-  5 

5;!0.5.SO 

2 

n  B 

40.9915 

5312.92 

47.1470 

-41 

13.52 

13.22 

-  5 

,5:11  :i.  IT 

3 

n  D 

40.9:?80 

5315.31 

47.1947 

-41 

15.66 

15.49 

—  5 

.531.5.14 

4 

n  B 

40.8a38 

5317.74 

47.2398 

-41 

17.68 

17.71 

-  5 

.5:!17.0(i 

2 

n  D 

40.81.39 

5.320.88 

47.3166 

-41 

21.13 

21.00 

—  5 

,5,320.115 

T 

n  D 

47.4102 

-41 

25.. 35 

25.. 35 

-  4 

5,325.31 

2  :\ 

I) 

■io'wii 

.5.328!  66 

47.4889 

-41 

28.91 

28.79 

-  .3 

,5.328.76 

12 

B 

40.4101 

r):i.39.18 

47.7265 

-41 

39.73 

39.46 

-  1 

5:139.45 

4 

D 

10. '{72.5 

r>.M0.90 

47.7637 

-41 

41.43 

41.17 

0 

.5.341.17 

3 

D 

40.1804 

5,349.73 

47.9589 

-41 

50.41 

50.07 

-  1 

-  1 

.5:t.50.08 

2 

wn  B 

48.00a3 

-41 

52.69 

52.69 

,5:i.52.70 

2 

B 

.39!  7770 

5.368!  49 

48.3496 

-41 

68.. 59 

(J8.54 

- 

-  5 

.5.'i(lS,,5!» 

9 

w  D 

.39.71.30 

5.371.49 

48.4172 

-41 

71.77 

71.63 

- 

-  6 

5: 171,  Oil 

5-6 

wn  B 

■.v.). VAX, 

.5.376.76 

48.4854 

-41 

74.98 

75.87 

- 

-  6 

.5,37.5.113 

2 

wn  D 

;»..5S73 

5.377.40 

48.5423 

-42 

77.05 

77.53 

- 

-  7 

,5:t77.(;() 

4 

wn  B 

.■»..5:«)8 

5.379.65 

48.5990 

-42 

80. :« 

m.m 

-8 

,5:{.so  us 

1 

D 

.'«»..'!1.57 

.5.390.31 

48.8188 

-42 

5)0.80 

90.. 56 

-  9 

.5;!iK).(r) 

1 

D 

:!!).17ir2 

5.397.28 

48.9671 

-42 

97.91 

97.60 

-10 

^y.V.r,-,[) 

1-2 

D 

.■J8,!)ftS4 

.5406.06 

49.14a3 

-42 

06.71 

06.. 39 

-10 

,5i(x;.ii) 

2-3 

1) 

.•18.8985 

r>}10.42 

49.2266 

-42 

10.46 

10.44 

hu 

,54 10. 5,5 

1-2 

B 

."iH.Wrw 

.5412.02 

49.2717 

-42 

12. 05 

12,39 

HI 

,54 12., 50 

1 

D 

38.&'J09 

5413.70 

49.3012 

-42 

14.09 

13.90 

-11 

5114.01 

7 

B 

38.7718 

5416.59 

49.3638 

-42 

17.14 

16.87 

-11 

.5416.98 

2 

nD 

38.7113 

5419.55 

49.4215 

-42 

19.97 

19,70 

-11 

,5419.87 

4 

nB 

38.6454 

5422.78 

49.4905 

-42 

23.. 34 

23.0<5 

-12 

,5-123.18 

1 

I) 

49.5234 

-42 

24.97 

24.97 

- 

-12 

5125  (H) 

2  3 

1: 

:«!  5.594 

5427 !6i 

49.5875 

-42 

28.13 

27.57 

- 

-12 

.5127  <;!) 

3 

1) 

38.495-1 

54.30.17 

49.6291 

-42 

30.18 

30.18 

-12 

,5i:io.:iO 

2 

\: 

:« .  mjH 

54.31.89 

49.6715 

-42 

.32.28 

32.09 

-12 

.54:12.21 

1 

\) 

.■W.4i53 

54.33  64 

49.7054 

-42 

.3.3  96 

3:1.80 

-12 

.51:1,3,92 

1 

n  f» 

.■(8..T272 

54.38.52 

49.8013 

-42 

38.87 

.38.70 

-12 

.54:18,82 

1 

n  15 

.38.2020 

5144.77      i 

49.9298 

-42 

45  14 

44.96 

-11 

.5415,07 

10 

I) 

38.1415 

5147.79 

49.9861 

-42 

47.96 

47.88 

-11 

.5417.99 
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19  PISCIUM  =  273  SCHJELLERUP. 

PLATE 

G  293  —  Contimced 

Charactee 

Red 

Right 

Red  Left 

Mean  Wave-Length 

Intensity 

Mean 

Wave-Length 

Mean 

Red. 

Wave-Length 

Uncor- 

Cor. 
from 
Curve 

Scale  Readiuff 

Reduced  to  Sun 

Scale  Reading 

to  Sun 

Red.  to  Sun 

rected 

Corrcct('<l 

2 

B 

38.0855 

t.m. 

.5450.00 

50.0,365 

-42 

t.m. 
50.49 

t.m. 
50.55 

+  10 

t.m. 
,5450.65 

2-3 

B 

38.0313 

5453.. 34 

50.1014 

-42 

53.76 

53.55 

+  10 

5453.65 

3-4 

D 

37.9668 

5456.59 

50.1614 

-42 

56.78 

56.69 

+  10 

5456.79 

2 

B 

37.9252 

5458.69 

50.2067 

-42 

59.08 

58.87 

+  10 

,54,58.97 

2 

D 

37.8887 

5460.54 

50.2453 

-42 

61.03 

60.79 

+  10 

,5460.89 

1-2 

B 

37.8473 

5462.64 

,50.2819 

-42 

62.89 

62.67 

+  10 

5462.77 

1 

D 

50. 3803 

-42 

67.90 

67.90 

+    9 

5467.99 

3 

wnB 

37!667i 

5471 ;  8.3 

50.4713 

-42 

72.54 

72.19 

+   8 

,5472.27 

1-2 

D 

37.6181 

5474.. 34 

50.5081 

-42 

74.43 

74.. 39 

+   8 

5474.47 

1 

B 

50.6344 

-42 

80.92 

80.92 

+  v 

5480.99 

2 

D 

37.'462i 

5482 '..37 

50.6697 

-42 

82.75 

82., 56 

+    7 

5482.63 

2 

B 

37.2032 

5495.80 

50.9215 

-43 

95.79 

95.80 

+   5 

,5495.85 

4-5 

D 

37.1634 

5497.88 

50.9682 

-43 

98.27 

98.08 

+   5 

5498.13 

1 

D 

37.0861 

.5501.93 

.51.0444 

-43 

02.23 

02.08 

+   4 

5502.12 

1 

D 

36.9948 

5506.72 

51.1.359 

-43 

07.04 

06.89 

+   3 

5506.92 

3 

B 

36.9370 

.5509.77 

51.1910 

-43 

09.94 

09.80 

+   .3 

5509.89 

1-2 

nD 

36.8839 

5512.58 

51.2400 

-43 

12.53 

12., 56 

+   1 

5512.57 

0-1 

D 

36.6695 

5523.98 

51.4623 

-43 

24.. 35 

24.17 

-    1 

5524.16 

2 

B 

36.5224 

5531.86 

-43 

,31.86 

-    3 

5531.83 

1-2 

D 

36.4876 

55a3.73 

-43 

a3.73 

-    3 

5,5,33.70 

10 

D 

36.3832 

5.539.. 37 

51! 7470 

-43 

39 '64 

39., 51 

-    5 

5539.46 

2-3 

B 

36.3061 

.5543.54 

51.8141 

-43 

43.27 

43.41 

-    6 

5543., a5 

1 

D 

.36.2272 

5547.83 

51.9171 

-43 

48.87 

48., 35 

-    7 

5548.28 

1 

D 

36.1444 

5552.. 35 

51.9874 

-43 

52.71 

52.53 

-    8 

5,552 .  45 

2 

B 

30.1144 

5553.99 

52.0148 

-43 

54.20 

54.10 

-    9 

5,554.01 

1 

D 

36.0701 

5556.09 

52.0584 

-43 

56.59 

56., 34 

-    9 

55.56.25 

1 

B 

36.0396 

5558.09 

52.0899 

-43 

58., 32 

58.21 

-    9 

5.558.12 

1 

D 

35.9639 

5562.25 

52.1680 

-43 

62.60 

62.43 

-11 

5562. 32 

2 

B 

35.9218 

5564.57 

52,2075 

-43 

64.79 

64.68 

-  11 

5504 . 57 

1-2 

D 

35.8853 

5566.59 

52.2483 

-43 

67.04 

66.82 

-  12 

5560.70 

1 

D 

35.8228 

5570.08 

52.. 3015 

-43 

69.98 

70.03 

-  12 

5509 . 91 

1 

B 

35.7926 

5571.72 

52.a337 

-43 

71.76 

71.74 

-  13 

5571 . 01 

1 

D 

35.7671 

5573.14 

52.. 3654 

-43 

73.52 

73., 33 

-13 

5573.20 

1 

D 

.3.3.7058 

5576.55 

52.4213 

-43 

76.63 

76.59 

-14 

5576.45 

1 

B 

.Tx6281 

5.580.89 

52.4934 

-43 

80.65 

80.77 

-15 

5580.62 

10 

D 

35.5743 

5583.90 

52.. 5.574 

-43 

84.23 

84.07 

-  16 

5583.91 

4-5 

B 

,35.5167 

5587.13 

52.6070 

-43 

87.01 

87.07 

-17 

5586 . 90 

1 

D 

35.4781 

5589.30 

52.6475 

-43 

89.29 

89., 30 

-17 

5589.13 

2 

B 

.35.4241 

5592.32 

52.6989 

-43 

92.18 

92.25 

-18 

5592.07 

1 

D 

.35.3945 

5594.01 

52.7466 

-43 

94.87 

94.44 

-18 

.5594.26 

3-4 

B 

35.. 3327 

5597.51 

52.7963 

-43 

97.68 

97.60 

-19 

5597.41 

1 

D 

.35.2937 

5599.72 

52.8.369 

-43 

99.98 

99.85 

-19 

5599.60 

1 

D 

35.1307 

5609.00 

53.0030 

-43 

09.44 

09.22 

-20 

5609.02 

0-1 

D 

35.0075 

5616.00 

53.1101 

-44 

15.56 

15.81 

-21 

5615.00 

2-3 

nD 

.34.9350 

5620.23 

53.1898 

-44 

20.14 

20.19 

—  22 

5619.97 

2 

D 

.34.8480 

5625.26 

53.2680 

-44 

24.65 

24.97 

-23 

5624.74 

1 

B    - 

.34.7991 

.5628.09 

53.3223 

-  44 

27.79 

27.94 

-23 

.5627.71 

1-2 

B 

.34.7494 

5630.98 

53.3754 

-44 

,30.88 

30.93 

-23 

56:30.70 

10 

D 

.34.6859 

5634.68 

53.4411 

-44 

,34.70 

34.69 

-23 

5634.46 

Head 

34.6529 

5&36.60 

.53.4736 

-44 

36., 59 

36.60 

-24 

5636.36 

.3 

B 

.34.6305 

5637.91 

53.4898 

-44 

37.53 

37.72 

-24 

5637.48 

2-3 

B 

.34.5708 

5641.41 

53.5593 

-44 

41.60 

41., 51 

-25 

5641.26 

1 

D 

34.5285 

5643.89 

53.5987 

-44 

43.91 

43.90 

-25 

5643.65 

1 

n  B 

53.6,574 

-44 

47, 36 

47., 36 

-25 

5647.11 

1 

nD 

34 '4224 

5650'.  i.3 

53.7002 

-44 

49.88 

50.01 

-25 

5649.76 

1 

B 

34.3840 

5652.40 

53.7427 

-44 

52.38 

52.. 39 

-26 

56.52.13 

1 

B 

.34.3380 

5655.13 

53.7950 

-44 

55.50 

55.28 

-26 

5055.02 

1-2 

D 

34.2732 

.5658.97 

53.8547 

-44 

59.02 

59.00 

-27 

5658.73 

3 

B 

34.0156 

5674.37 

54.1068 

-44 

74.06 

74.22 

-28 

5673.94 

1 

nD 

33.9817 

5676.41 

54.1,516 

-44 

76.76 

76.. 59 

-28 

.5676.. 31 

1 

B 

.33.9293 

5679.57 

54.2020 

-44 

79.79 

79.68 

-29 

5679.39 

1 

B 

33.8439 

.5684.73 

54.2866 

-44 

84.90 

84.82 

-30 

5684.. 52 

1 

nD 

a3.7948 

5687.71 

54.3396 

-44 

88  11 

87.91 

-,30 

5687.61 

3-4 

B 

a3.6891 

5694.15 

54.44,30 

-44 

94.40 

94.28 

-,30 

5093.98 

1-2 

D 

a3.6425 

.5696.99 

54.4863 

-44 

97.04 

97.02 

-,30 

5096.72 

3 

B 

.33.5005 

5705.71 

54.0,349 

-44 

06.15 

05.93 

-.31 

5705.62 

2 

nD 

.33.4497 

5708.84 

54.6791 

-44 

08.87 

08.86 

-.31 

5708.. 55 

2 

B 

.33.4126 

5711.13 

54.7160 

-44 

11.15 

11.14 

-31 

5710.83 
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19  PISCIUM  =  213  SCHJELLERUP. 

PLATE  G  293  -  Con<«i«ed 

j 
Character 

Red  Right 

Red  Left 

Me^vs  Wave 

-Length 

ISTEXSITT 

Wave- Length 
Reduced  to  bun 

Mean 

Red. 

Wave-Length 

Uncor- 

Cor. 

Scale  Reading 

Scale  Reading 

to  Sun 

Red.  to  Sun 

rected 

Curve 

1 

D 

33.3742 

t.m. 
5713.51 

mm. 
54.7594 

-44 

t.m. 

13.83 

t.m. 
13.67 

-32 

t.m. 
5713.. 35 

w  B 

33.3120 

5717.37 

54.8116 

-44 

17.07 

17.22 

-32 

5716.90 

1 

nD 

33.2490 

5721.27 

54.8796 

-44 

21.29 

21.28 

-33 

5720.95 

2 

B 

33.1980 

5724.47 

54.9301 

-44 

24.44 

24.46 

-33 

5724.13 

3 

nD 

33.0843 

5731.58 

55.0491 

-45 

31.87 

31.73 

-.33 

5731.40 

1 

nD 

32.8723 

5744.96 

55.2605 

-45 

45.19 

45.08 

-.33 

5744.75 

1 

n  B 

32.a321 

5747.51 

55.2967 

-45 

47.48 

47.50 

-35 

5747.15 

1 

nD 

32.78&J 

5750.28 

55.3435 

-45 

50.45 

50.37 

-.35 

5750  02 

2-3 

?,^  r,709 

5757.22 

55.4555 

-45 

57.59 

57.41 

-35 

5757.06 

1 

nD 

57&S.0O 

55.5380 

-45 

62.87 

62.94 

-35 

5702.59 

1-2 

wn  B 

57G8.16 

55.6138 

-45 

07.75 

67.96 

-36 

.57()7.(K) 

1 

n  I) 

5771.  a3 

55.6664 

-45 

71.14 

71.09 

-.36 

.5770.7.3 

1 

■  -.■^'M 

5776.09 

55.7438 

-45 

76.79 

76.44 

-36 

5770.08 

1 

;j  .3565 

5778.07 

55.7760 

-45 

78.23 

78.15 

-36 

5777.79 

1 

11    1 

:;j.3219 

5780.. •» 

55.8012 

-45 

79.87 

80.10 

-.37 

5779.73 

1 

nD 

I       32.0366 

5799.02 

56.0927 

-45 

98.93 

98.98 

-37 

5798.61 

19  PISCIUM  =  213  SCHJELLERUP.    PLATE  G  .T)7 
1899,  December  19,  G Jl.T.  12!'8.    Hour  angle,  W.  11'2.    Star  excellent ;  comparison  excellent. 


C'a,VEACTEE 

Red  Right 

Red  Left 

Mean  Wate-Lenoth 

Istexsitt 

W,lvp-Lnn«th 

Mean 

Wave- Length 

Uncor- 

Cor. 

1 

Scale  Reading 

Reduced  to  Sun 

Scale  Reading 

Reduced  to  Sun 

rected 

Curve 

1 

nD        ' 

.36.5909 

t.m. 
5168.82 

mm. 
47.9644 

t.m. 
5168.97 

t.m. 
68.90 

-33 

t.m. 
.5168.57 

2-3 

n  D 

.■«5  4711 

5173.68 

48.0796 

5173.92 

73.80 

-.32 

5173.48 

1 

B 

.!<;  1:M4 

5187.46 

87.46 

-27 

5187.19 

1  2 

n  D 

:V]  iua 

5189.28 

48.4589 

ijisg.ie 

89.22 

-27 

5188.95 

4 

n  D 

35.9849 

.5193.64 

48.5632 

5193.47 

93.56 

-25 

5193.31 

1 
10 

nB 

35.8963 

5197.32 

48.6570 

5197.36 

97.34 

-24 

5197.10 

nD 

35.6.360 

5208.18 

48.9230 

.5208.40 

08.29 

-20 

5208.09 

6 

wn  D 

.35.2121 

5226.14 

49. 3305 

522.5 .  73 

25.94 

-14 

5225.80 

3 

n  D 

35.0231 

5234.24 

49.52.58 

.5234.08 

.34.16 

-12 

5234.04 

2  3 

wn  B 

^.9654 

52.36.73 

49. 59.35 

.5236.99 

,36.86 

-11 

5236.75 

1  2 

nn  D 

34.89&3 

5239.62 

49  r,.\-;7 

.52-J9.67 

.39.65 

-10 

5239.55 

5 

D 

34.7153 

.5247.56 

•I'.i  -:;-^ 

.5247.61 

47.59 

-  6 

5247.53 

5-6 

D 

34.6308 

5251.25 

■I'.i'.fj-jii 

5251.24 

51.25 

-  5 

5251.20 

4 

D 

34.1920 

.5270,. 58 

50.. 3^31 

.5270.67 

70.63 

-  1 

5270.62 

1 

nB 

33.9922 

.5279.. 50 

50.. 56.54 

.5279.69 

79.00 

0 

5279.60 

2 

wn  D 

33.9076 

.52a3.29 

.50.6.377 

.5282.93 

a3.ii 

- 

-  1 

5283.12 

5 

n  D 

33.5840 

.5297.94 

50.9041 

5297.69 

97.82 

- 

-  4 

5297.86 

2 

nD 

33.4820 

5302.59 

51.0712 

5:302.. 58 

02., 59 

- 

-  5 

5302.04 

12 

n  B 

.33.4.323 

5.304.87 

.51.1280 

5.305.18 

05.03 

- 

-  5 

5:305.08 

2 

n  B 

'         .33.2.5.35 

5.313.14 

.51.. 301 4 

5,313.15 

13.15 

- 

-  6 

5.313.21 

3 

n  D 

.33  2049 

.5.315.. 34 

.51.. '5428 

.5.315.07 

15.21 

- 

-  6 

5:315.27 

3 

n  B 

.■i3.1.'>48 

5.317.66 

51.. 3978 

.5.317.61 

17.64 

- 

-  8 

5.317.72 

2 

n  D 

•33.0707 

.5.321.14 

51.4715 

5.321.03 

21.09 

- 

-  9 

5.321.18 

1 

n  D 

.32  «)79 

.5.324.95 

51.5611 

5.325.20 

25.08 

- 

-10 

.5.325.18 

2 

n  D 

:!2  91  a5 

5.328.66 

51.6419 

.5:328.98 

28.82 

- 

-11 

5:328.93 

1  2 

D 

.■W.74.'U 

.5.330.89 

.51.8044 

.5.336.66 

.36.78 

-12 

5.336.90 

2-3 

n  B 

.32.0970 

>5.3'J9.tt5 

51.8.5.36 

5.3,38.93 

.38.99 

- 

-12 

5.339.11 

2 

n  D 

.32  *v5.39 

.5.341.12 

.51.8987 

5:341.06 

41.09 

- 

ri:} 

.5:341.22 

4 

n  D 

.32   1710 

.5.319.77 

52.0750 

5:M9.43 

49.60 

- 

-13 

5,349.73 

1 

n  B 

■'«.  12-35 

5.3.52.07 

52.1.396 

.5,3.52. 51 

.52.29 

- 

-14 

5,352.43 

1  2 

n  T> 

.32  2i)Hl 

.5.362. 39 

52.. 3518 

.5.362.69 

62.. 54 

- 

-lb 

5,362.69 

1 

I) 

.32  1207 

.5.366.. 33 

.52.4.321 

5.366.57 

66.45 

- 

-16 

5.366.61 

8 

I) 

.■i2  (r281 

.5.371.11 

52.. 5245 

5371.05 

71.08 

- 

-17 

.5.371.25 

5 
2 

Ij 

.31  9.519 

.5.374.67 

.52.6028 

.5,374.85 

74.70 

- 

-17 

5.374.93 

D 

•  il   ;«H7 

5.377.12 

52.6504 

.5:377.17 

77.15 

J 

-17 

5.377.. 32 

3 

1 

n  B 

.31   k.-,!.'! 

5.379.58 

52.7000 

5,379.60 

79.59 

J 

-18 

5.379.77 

nn  D 

.31 .  t;310 

5.39fJ.55 

52.92.36 

5,390.58 

90.. 57 

- 

-19 

5.390.76 

4 

D 

31 .  v.m 

a3»7.11 

53.0572 

.5.397.20 

97.16 

- 

-19 

.5.397.. 35 

1 

D 

.31..'i2.36 

5405.  a3 

53.2.310 

5405.86 

05.  a5 

J 

(-20 

5406.05 
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19  PISCIUM^2.1H  SCHJELLERUP.    PLATE  G  367 ^Continued 


Chakactee 

Red  Right 

Red  Left 

Mean  Wave-Length 

Intensity- 

Cor. 
from 
Curve 

Mean 

Wave-Length 

Mean 

Wave-Length 

Uncor- 

Corrected 

Scale  Reading 

Reduced  to  Sun 

Scale  Reading 

Reduced  to  Sun 

rected 

4 

D 

31.2489 

t.m. 
5409.57 

53.3114 

t.m. 
5409.88 

t.m. 
09.73 

+21 

t.m. 
.5409.94 

1 

D 

31.1592 

5414.07 

53.3920 

5413.93 

14.00 

+21 

5414.21 

6-7 

B 

31.1020 

5416.96 

53.4507 

5416.90 

16.93 

+21 

5417.14 

2-3 

nD 

31.0479 

5419.70 

53.5050 

5419.64 

19.67 

+22 

5419.89 

2-3 

B 

30.9895 

5422.65 

53.5654 

5422.70 

22.68 

-|-22 

5422.90 

1 

D 

30.9545 

5424.43 

53.6026 

5424.59 

24.51 

-1-22 

,5424.73 

3 

D 

30.8475 

5429.88 

53.7055 

5429.83 

29.86 

+22 

5430.08 

2 

D 

30.7724 

5433.72 

53.7791 

54.33.59 

.3:^.66 

+22 

54.33.88 

2 

D 

30.6796 

5438.48 

53.8684 

54.38.17 

.38.  a3 

4-22 

54.38.. 55 

2 

B 

53.9894 

5444.41 

44.41 

-f22 

5444.63 

5-6 

D 

30 '4977 

5447! 87 

54.0422 

5447.14 

47.51 

-(-22 

5447.73 

1-2 

B 

30.4435 

5450.68 

54.1060 

5450.44 

50.56 

+23 

5450.79 

2 

B 

30.3931 

5453.30 

54.1616 

5452.52 

52.91 

+2S 

54.53.14 

4 

D 

30.3307 

5456.55 

54.2207 

54.56.41 

56.48 

+23 

.5456.71 

1 

B 

30.2931 

5458.51 

54.2603 

5458.48 

58.50 

-23 

5458 . 73 

2 

D 

30.2570 

5460.40 

54.2961 

5460.35 

60.38 

-1-23 

5460.61 

1-2 

B 

30.2112 

5462.80 

54.3419 

5462.76 

62.78 

+23 

5463.01 

1-2 

B 

30.1771 

5464.59 

54.3765 

5464.. 57 

64.58 

+23 

5404.81 

2 

D 

30.1373 

5466.69 

54.4163 

.5466.66 

66.67 

+23 

5466.90 

2 

B 

30.0390 

5471.87 

54.5152 

5471.88 

71.88 

+23 

5472.11 

2 

nD 

29.9979 

5474.04 

54.5564 

.5474.06 

74.05 

+23 

5474.28 

2 

nD 

29.9280 

5477.75 

54.6266 

5477.78 

77.77 

+23 

5478.00 

2-3 

D 

29.8442 

5482.20 

54.7100 

5482.22 

82.21 

+23 

5482.44 

3 

D 

29.5614 

5497.38 

54.9963 

5497, 58 

97.48 

+23 

5497.71 

2 

D 

29.4792 

5501.82 

55.0732 

5.501 .  74 

01.78 

+23 

5502.01 

1 

D 

29.3828 

5507.05 

55.1692 

5506.95 

07.00 

+23 

5507.23 

1-2 

nD 

29.2880 

5512.22 

55.2618 

5.511.99 

12.11 

+23 

5512.34 

1 

nD 

29.0767 

5523.82 

55.4749 

5.523.69 

23.76 

+23 

5523.99 

1-2 

nD 

29.0086 

5527.58 

55.5492 

5.527.79 

27.69 

+23 

5527.92 

2 

nB 

28.9425 

5531.24 

55.6192 

5.5.31.67 

31.46 

+22 

5531.68 

1 

D 

28.9077 

55a3.17 

55.6468 

55.33.21 

33.19 

+22 

55a3.41 

7 

D 

28.7985 

5539.25 

55.7660 

55.39 .  65 

.39.45 

-j-22 

55.39.07 

2 

nD 

28.6479 

5547.69 

55.9165 

5548.28 

47.99 

+21 

5548.20 

1 

nD 

28.5716 

5551.98 

55.9824 

5552.00 

51.98 

+21 

5.552.19 

3 

B 

28.5389 

5553.83 

56.0157 

5.553.88 

53.86 

+20 

5554.06 

1-2 

D 

28.5065 

5555 . 66 

56.0508 

5.555 .  86 

55.76 

+20 

5.555.96 

2 

D 

28.3946 

5502.00 

56.1618 

.5.562.16 

62.08 

-h20 

5562.28 

2 

B 

28.3622 

5563.85 

56.1950 

5.564.05 

63.95 

-^20 

5,564.15 

2 

D 

28.3225 

5566.11 

56.2297 

5566.02 

66.07 

-1-20 

5566.27 

1 

D 

28.2556 

5569.93 

56.2996 

5.570.01 

69.97 

+20 

5,570.17 

1 

B 

28.2357 

5571.07 

56.3232 

.5.571.. 37 

71.22 

+19 

5,571.41 

1 

D 

28.2064 

5572.75 

56.3553 

.5.573.21 

72.98 

+19 

5573.17 

1 

D 

28.1550 

5575.70 

56.4049 

5.576.06 

75.. 88 

+19 

5576.07 

8 

D 

28.0143 

5583.81 

56.5377 

5583.72 

83.77 

+18 

5,583.95 

4 

B 

27.9691 

5586.43 

56.5891 

5586.70 

86., 57 

+18 

5,586.75 

2 

nD 

27.9385 

5588.20 

56.6212 

5588.56 

88.. 38 

+18 

5588., 56 

1-2 

B 

27.8771 

5591.77 

56.6850 

5592.27 

92.02 

+16 

,5,592.18 

1-2 

nD 

27.8519 

5593.24 

56.7174 

5594.16 

93.70 

+16 

5.593.86 

1-2 

B 

27.7870 

5597.  a3 

56.7644 

5596.90 

96.97 

+16 

.5.597.13 

1 

nD 

27.7582 

5598.71 

56.8030 

5.599.10 

98.91 

+14 

5599.05 

3 

nD 

27.5787 

5609.26 

56.9777 

5609.43 

09.35 

+13 

.5609.48 

1 

nD 

27.4832 

5614.91 

57.0721 

5615.02 

14.97 

+12 

.5615.09 

3-4 

nD 

27.3989 

5619.91 

57.1574 

5620.08 

20.00 

+10 

5620.10 

4-5 

nD 

27.3243 

5624.36 

57.2314 

5624.50 

24.43 

+  9 

5624.. 52 

10 

D 

27.1626 

5634.05 

57.3846 

56.33.65 

,33.85 

+  7 

56.33.92 

.... 

Head 

27.1260 

5(336.23 

57.4310 

.56.36.40 

36.. 32 

+  7 

56,36.. 39 

B 

27.1109 

5637.16 

57.4475 

56.'58.07 

,37.62 

+  '^ 

5637.69 

1-2 

B 

27.0499 

5640.84 

57.5064 

5641.03 

40.94 

+  7 

5641.01 

1 

nD 

26.9853 

5644.75 

57.5663 

5644.66 

44.71 

+  4 

5644.75 

1 

n  B 

26.9614 

5646.20 

57.5912 

5646.17 

46.19 

+  4 

5646.23 

1 

D 

26.90.33 

5649.74 

49.74 

+  3 

5649.77 

1 

B 

26.8662 

5652.00 

57.6893 

56.52.14 

.52.07 

+  3 

5652.10 

2 

B 

26.8165 

5655.03 

57.7445 

.56.55.51 

55.27 

+  2 

5655.29 

3 

nD 

26.7738 

5657.64 

57.7881 

.56,58.18 

57.91 

2 

5657.93 

2 

D 

26.5594 

5670.84 

57.9960 

5670.99 

70.92 

+  1 

5670.93 

3 

B 

26.5217 

5673.18 

58.0379 

5673.59 

■  73.. 39 

-  4 

5673.35 

2-3 

D 

26.4767 

5675.97 

58.0800 

5676.20 

76.09 

-  4 

5676.05 

1-2 

B 

26.4304 

5678.84 

58.1298 

5679.. 30 

79.07 

-  5 

5679.02 
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19  PISCIUM-213  SCHJELLERUP.    PLATE  G  357  — Contimied 


Chabacteb 

Bed  Bight 

Bed  Left 

Me 

\N  W.we-Length 

Cor. 
from 
Curve 

Mean 

Wave-Length 

Mean 

Wave- Length 

Uncor- 

Corrected 

Scale  Reading 

Bednced  to  Sun   - 

Scale  Beading 

Beduced  to  Sun 

rected 

mm. 

t.m. 

mm. 

t.m. 

t.m. 

t.m. 

1 

B 

26.3504 

5683.47 

58.2076 

5684.15 

83.81 

-  6 

5683.75 

4-5 

nB 

26.1981 

5693.39 

58.3626 

5693.88 

93.64 

-  7 

5693.57 

2 

nD 

26.1487 

5696.50        ! 

58.4069 

5696.68 

96.59 

-10 

5696.49 

3 

B 

26.0122 

5705.14         ' 

58.5441 

5705.37 

06.26 

-13 

5705.13 

2-3 

D 

25.9681 

5707.94         i 

58.5862 

5708.05 

08.00 

-16 

5707.84 

1-2 

B 

25.9312 

5710.29 

58.6267 

5710.63 

10.46 

-16 

5710.30 

1-2 

D 

25.8981 

5712.40 

58.6644 

5713.08 

12.74 

-17 

5712.57 

3 

B 

25.&323 

571G.G1 

58.7269 

5717.09 

17.45 

-18 

5717.27 

2 

D 

25.7591 

5721.31 

58.7931 

5721.29 

21.30 

-18 

5721.12 

2 

B 

25.7211 

5723.75 

58.83a3 

5724.20 

23.98 

-18 

5723.80 

1-2 

nD 

58.9537 

5731.  Rj 

31.65 

-21 

5731.44 

3 

nD 

25.41.32 

5743.73 

59.1507 

5744.48 

44.11 

-26 

5743.85 

2-3 

nD 

25.1178 

5763.17 

59.4328 

57&3.07 

63.12 

-33 

5762.79 

4 

nD 

24.9911 

5771.59 

59.5667 

5771.98 

71.79 

-.35 

5771.44 

1 

B 

24.9298 

5775.69 

59.&340 

5776.48 

76.09 

-35 

5775.74 

1 

D 

24.8977 

5777.84 

59.6633 

5778.45 

78.15 

-37 

5777.78 

1 

B 

24.8696 

5779.72 

59.6891 

5780.18 

79.95 

-40 

5779.55 

1-2 

D 

24.5942 

5798.32 

59.9630 

5798.70 

98.56 

-50 

5778.06 

1 

D 

24.2375 

5822.81 

60.3219 

5823.36 

23.09 

-40 

5822.69 

19  PISCIUM=213  SCHJELLERUP 
Means  of  Two  Plates 


Plate  G  264 

Plate  G  343 

Mean  Wave-Length 

Intensity 

Character 

WaTe-I<ength 

Intensity 

Character 

Wave- Length 

Uncorrected 
tor  Velocity 

Cor. 
forV 

Correctfid 
for  Velocity 

1 

D 

t.m. 
4375.87 

t.m. 


t.m. 
75.81 

+3 

t.m. 
4.375.84 

10 

wD 

4384.11 

84.05 

--3 
--3 

4:»4.08 

2-3 

nD 

4.390.36 

90. .30 

4.390.33 

5 

wnD 

4395.05 

8 

wD 

4394.55 

94.80 

--3 

4.394.83 

1 

D 

4397.56 

97.62 

—3 

4.397.65 

1 

nD 

4401.16 

3 

D 

4400.51 

00.84 

-3 

4400.87 

3 

B 

4402.50 

02.44 

-3 

4402.47 

10 

wD 

44(B.02 

4 

D 

4404.88 

04.95 

+  3 

4404.98 

2 

D 

4408.66 

4 

D 

4408.30 

08.48 

--3 
--3 

4408.51 

1 

D 

4412.20 

12.26 

4412.29 

4-5 

nnD 

4415.28 

2 

wn  D 

4414.99 

15.14 

--3 

4415.17 

2-3 

wn  D 

4420.51 

20.57 

--3 

4420.60 

1 

D 

4423.22 

1-2 

D 

4422.85 

23.04 

--3 

4423.07 

1 

B 

4426.84 

26.78 

--3 
--3 

4426.81 

2 

nD 

4427.70 

1-2 

D 

4427.21 

27.46 

4427.49 

3 

nD 

4430.28 

1-2 

nD 

4430.01 

30.15 

--3 
--3 

44.30.18 

&-7 

wnD 

4435.71 

3 

nD 

44.35.27 

.35.49 

44.35.52 

1 

D 

4438.25 

1 

nD 

4437.94 

.38.10 

+3 

44.38.13 

2 

B 

4438.80 

38.86 

- 

-3 

44.38.89 

2-3 

nD 

4444.36 

44.42 

- 

-3 

4444.45 

1-2 

nD 

4447.26 

1 

nD 

4446.96 

47.11 

-3 

4447.14 

3 

n  B 

4148.80 

2 

nB 

4448.49 

48.65 

- 

-3 

4448.68 

4-5 

nD 

4450.15 

5 

nD 

4449.70 

49.93 

-3 

4449.96 

1 

D 

44.53.17 

53.23 

- 

-3 

4453.26 

2 

nD 

4455.41 

3 

nD 

44.55.05 

55.23 

-3 

4455.26 

3^ 

nD 

4462.24 

2 

nD 

44()2.04 

62.14 

-3 

4462.17 

4 

wnB 

4463.99 

3 

wB 

4464.02 

64.01 

-3 

4464,04 

1 

nD 

44(S..39 

1 

D 

4465.13 

&5.26 

-3 

lit;.-..  29 

1 

nD 

44G9.12 

1-2 

D 

4468.62 

68.92 

- 

-3 

4}fiH.95 

1 

D 

4472.16 

72.22 

+3 

4172.25 

.... 

,-. 

nD 

4475.43 

75.49 

+3 

4475.52 
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19  PISCIU3I  =  213  SCHJELLERUP—  Continued 


Plate  G  264 

Pl.^te  G 

313 

Mean  Wave-Length 

Intensity 

Character 

Wave-Length 

Intensity 

Character 

Waye-Leueth 

Uncorrected 
for  Velocity 

Cor. 
for  V 

Corrected 
for  Velocity 

1-2 

nD 

t.m. 
4479.97 

1-2 

nD 

t.m. 
4479.96 

t.m. 
79.97 

+3 

t.m. 
4480.00 

2 

D 

4482.09 

3 

nD 

4482.23 

82.16 

+3 

4482.19 

3 

B 

4483.80 

2 

nB 

4483.38 

83.59 

+3 

4483.62 

2 

B 

4486.06 

86.00 

+3 

4486.03 

1-2 

D 

4487.60 

i-2 

nb 

4487'.  47 

87.54 

+3 

4487.57 

3 

B 

4488.64 

88.58 

+3 

4488.61 

2-3 

D 

4489.75 

2^ 

"b 

4489.68 

89.72 

+3 

4489.75 

6 

D 

4497.13 

3 

nD 

4496.85 

96.99 

+3 

4497.02 

2  3 

D 

4501.77 

5 

nD 

4501.72 

01.75 

+3 

4501.78 

6 

n  D 

4506.78 

6-7 

D 

4506.70 

06.74 

+3 

4506.77 

1 

D 

4509.64 

1 

D 

4509.83 

09.74 

+3 

4509.77 

wn  D 

4512.87 

wn  D 

4512.58 

12.73 

+3 

4512.76 

2 

nB 

4517.08 

17.02 

+3 

4517.05 

4 

D 

4518.28 

'3' 

"b 

ms'.ko 

18.24 

+3 

4518.27 

1 

D 

4520.57 

20.51 

+3 

4520.54 

3-4 

B 

4521.69 

21.63 

+3 

45:il.66 

5 

D 

4523.00 

'3' 

"b 

4522.93 

22.97 

+3 

4523.00 

6 

wD 

4527.44 

4 

nnD 

4527.07 

27.26 

+3 

4527.29 

2-3 

n  D 

4531.38 

2 

D 

4531.26 

31.32 

+3 

4531.35 

3-4 

wn  D 

4535.87 

9 

wn  D 

4535.40 

35.64 

+3 

4535.67 

3 

B 

4537.40 

3 

nB 

4537.18 

37.29 

+3 

4537.32 

3 

B 

4539.00 

2 

B 

4538.94 

38.97 

+3 

4539.00 

3 

D 

4540.51 

1 

D 

4540.26 

40.39 

+3 

4540.42 

1 

D 

4542.78 

42.72 

+3 

4542.75 

2 

B 

4544.13 

44.07 

+3 

4544.10 

3 

nB 

4547.82 

47.76 

+3 

4547.79 

5 

wn  D 

4549.23 

'5' 

wn  b 

4549 !2i 

49.22 

+3 

4549.24 

10 

wD 

4553.57 

wD 

4553.45 

53.51 

+3 

4553.54 

Limits  ] 

4551.98 

51.92 

+3 

4552.0 

4554.81 

54.75 

+3 

4554.8 

3 

D 

4560.31 

'3" 

nn  b 

4566 '.40 

60.36 

+3 

4560.39 

3 

nB 

4561.94 

61.88 

+3 

4561.91 

2-3 

I) 

4563.62 

2-3 

'  b 

4563! 62 

63.32 

+3 

4563.35 

1 

D 

45&5.62 

1-2 

nD 

4565.77 

65.70 

+3 

4565.73 

wD 

4571.69 

9 

wD 

4571.57 

71.63 

+3 

4571.66 

3 

nD 

4575.16 

75.22 

+3 

4575.25 

3-4 

nD 

4577.48 

77.54 

+3 

4577.57 

Head 

4578.0 

78.1 

+3 

4578.1 

i' 

D 

4580.33 

80.39 

+3 

4580.42 

1 

D 

4581.84 

81.90 

+3 

4581.93 

'2' 

nB 

4583! 70 

83.64 

+3 

4583.67 

1 

D 

4584.68 

i-2 

"b 

4584! 39 

84.54 

+3 

4584.57 

1 

B 

4585.44 

85.38 

+3 

4585.41 

2 

nD 

4586.37 

2 

nb 

4586! 28 

86.34 

+3 

4586.37 

1 

D 

4590.99 

1 

n  D 

4590.98 

90.99 

+3 

4591.02 

2-3 

nD 

4594.39 

nD 

4594.23 

94.31 

+3 

4594.34 

2 

nB 

4595.83 

95.77 

+3 

4595.80 

i' 

nb 

4597! 43 

97.49 

4  3 

4597.52 

i' 

■  b 

4666! 90 

2 

nD 

4600.72 

00.81 

+3 

4600.84 

10 

wD 

4606.99 

8 

wnD 

4606.66 

06.83 

+3 

4606.86 

1 

nD 

4609.98 

10.04 

+3 

4610.07 

i-2 

"b 

46i2'.35 

12.29 

+3 

4612.32 

1 

n  D 

4613.74 

i-2 

nn  b 

46i3!79 

13.77 

+3 

4613.80 

3 

B 

4615.01 

3 

B 

4614.86 

14.92 

+3 

4614.95 

2 

D 

4616.39 

3 

D 

4616.13 

16.26 

+3 

4616.29 

6 

B 

4617.84 

6 

B 

4317.69 

17.77 

+3 

4617.80 

4 

D 

4619.73 

5-6 

D 

4619.56 

19.65 

+3 

4619.68 

3 

B 

4621.37 

4-5 

B 

4621.26 

21.32 

+3 

4621.35 

1 

nD 

4622.76 

2 

nD 

4622.79 

22.78 

+3 

4622.81 

4-5 

wn  D 

4629.28 

5 

D 

4629.18 

29.23 

+3 

4629.26 

3 

B 

4&31.25 

5 

B 

4a30.99 

31.12 

+3 

4631.15 

1 

D 

4a34.64 

34.58 

+3 

4634.61 

2 

D 

46:37.49 

37.43 

+3 

4637.46 

3 

B 

4638.63 

■3' 

"b 

4638! 80 

38.72 

+3 

4638.75 

5  6 

D 

4640.47 

6 

D 

4640.04 

40.26 

+3 

4940.29 

3 

nB 

4641.76 

4 

nB 

4641.66 

41.71 

+3 

4641.74 

wn  D 

4645.86 

45.80 

+3 

4645.83 

2-3 

B 

4652.  as 

52.77 

+3 

4652.80 
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19  PISCIUM  =  273  SCHJELLER UP  —  Continued 


Plate  G  2fti 

Pl.^te  G  313 

Mean  W.we-Length 

Intensity 

Character 

Wave-Length 

Intensity 

Character 

Wave-Length 

Uncorrected 
for  Velocity 

Cor. 
forV 

Corrected 
for  Velocity 

t.  m. 

t.  m. 

t.  m. 

t.  m. 

1 

D 

4653.89 

1 

D 

4654.13 

54.01 

. 

-3 

4654. M 

1 

D 

4656.39 

1 

D 

4656.81 

56.60 

- 

-3 

4656.63 

wB 

4660.94 

60.88 

- 

-3 

4660.91 

1-2 

D 

4664.17 

64.11 

--3 

4664.14 

2 

nB 

4665.44 

65.38 

-3 

4665.41 

3 

wnD 

4668.11 

68. C5 

--3 

4668.08 

4 

D 

4675.16 

75.10 

--3 

4675.13 

1 

D 

4682.32 

82.26 

--3 

4682.29 

1 

nD 

4688.46 

88.40 

- 

-3 

4688.43 

1 

nD 

4691.15 

91.09 

--3 

4691.12 

3-4 

nD 

4696.59 

96.53 

--3 

4696.56 

Head 

4697.1 

97.2 

--3 

4697.2 

6 

wnD 

4714.64 

14.58 

--3 

4714.61 

Head 

4714.7 

14.8 

--3 

4714.8 

1-2 

nD 

4722.72 

22.66 

--3 

4722.69 

10 

wD 

4736.07 

10 

nD 

4736.38 

36.23 

--3 

4736.26 

Head 

4737.70 

Head 

4737.54 

37.62 

--3 

4737.65 

7-8 

B 

4738.65 

8 

B 

4738.53 

38.59 

-3 

4738.62 

1 

D 

4739.76 

39.82 

--3 

4739.85 

4-5 

nD 

4744.06 

10 

wD 

4743.76 

43.91 

--3 

4743.94 

B 

4746.69 

6 

B 

4746.28 

46.49 

- 

-3 

4746.52 

nD 

4749.77 

2  3 

nD 

4749.40 

49.59 

- 

-3 

4749.62 

3 

B 

4754.98 

55.04 

+3 

4755.07 

1 

D 

4756.14 

56.20 

-3 

4756.23 

2 

B 

4756.85 

56.91 

-h3 

4756.94 

1-2 

wnD 

4758.49 

4^5 

nD 

4758.27 

58.38 

-3 

4758.41 

D 

4765.91 

1 

D 

4766.24 

66.08 

- 

-3 

4766.11 

D 

4772.67 

2 

nnD 

4772.26 

72.37 

- 

-3 

4772.40 

nD 

4784.20 

3 

nnD 

4784.07 

84.14 

+3 

4784.17 

nD 

4789.44 

2 

nD 

4789.36 

89.40 

--3 
--3 

4789.43 

nD 

4815.90 

2-3 

nD 

4815.63 

15.77 

4815.81 

1-2 

nD 

4823.94 

23.88 

--3 

4823.91 

nD 

4827.78 

1-2 

nD 

4827.77 

27.78 

--3 

4827.81 

nD 

4832.78 

2 

nD 

4832.17 

32.48 

--3 

4832.51 

1 

nD 

4a36.21 

36.27 

+3 

4836.30 

1 

nD 

4839.27 

39.. 33 

+3 

4839.36 

1 

D 

4843.40 

43.46 

+3 

4843.49 

nD 

4855.44 

2 

nnD 

4855.17 

55.31 

+3 

4855.34 

1 

nD 

4859.37 

59.43 

+3 

4859.46 

nD 

4868.45 

68. .39 

+3 

4868.42 

nD 

4881.60 

3-4 

nD 

4881.71 

81.66 

+3 

4981.69 

2 

nnD 

4900.72 

00.78 

fl 

4900.81 

1-2 

nD 

4921.76 

1 

nnD 

4920.23 

21.00 

4921.03 

nD 

4924.94 



24.88 

+3 

4924.91 

19  PISCIUM  =  21^  SCHJELLERUP 
Means  of  Four  Plates 


G259 

G269 

G293 

G357 

Mean  Wave-Lenoth 

Inten- 
sity 

Char- 
acter 

Wave- 
Length 

Inten- 
sity 

Char- 
acter 

Wave- 
Length 

Inten- 
sity 

Char- 
acter 

Wave- 
Length 

Inten- 
sity 

Char- 
acter 

Wave- 
Length 

Uncor- 
rected for 
Velocity 

Cor. 
for 
V 

Corrected 
for  Ve- 
locity 

io 
"i 

4 

wb 

■  B 
wn  D 

t.m. 
5i73!48 

5i96!94 
5192.69 

"i 

7 
2 

"i 
3 

Head 
D 
D 

wnB 

"b 

D 

t.m. 
68.48 
73.73 
83.70 
87.36 

9i!49 
93.34 

i-^2 

1-2 

"i 

1-2 
2 

wnD 
nD 

"nb 

nB 

D 

t.m. 

is!  48 
as.  77 

88.89 
90.81 
92.77 

2-3 

"i 

1-2 

■4 

"nb 

"b 

nD 
nb 

t.m. 

73!  48 

87!i9 
88.95 

93.31 

68'.'48 
73.54 
&3.74 
87.28 
88.92 
91.08 
93.03 

1 

- 
- 

-3 
h3 
-3 
-3 
-3 
-3 
-3 

5168" 51 
5173.57 
5ia-t.77 
51H7.31 
518H.!)5 
.-)191.11 
5193.06 
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19  PISCIUM  =  213  8CHJELLERUP— Continued 


nB 
B 

nB 
nD 
nB 

D 
nB 

D 

"b 

D 

B 

D 

nnD 

wnD 

nn  B 

nnD 

nD 

nD 

nB 

nB 

nD 

nn  B 


wD 

wn  B 
D 
wn  D 
nnB 


wn  D 

B 

nD 


nD 
nB 
nD 
nD 
nB 

"  B 

nD 

B 

nB 
nD 


B 
nD 
nB 
nB 
nD 
nB 

B 

B 

nB 


Wave- 
Length 


5196.92 
5203.76 

52ii!io 
5216.53 
5218.82 
5226.34 
5229.38 
52.'}1.19 

521512.3 
5247.32 
5249.28 
5251.46 
5255.67 
5270.27 
5279.43 
5283.79 
5297.94 
5302.69 
5305.00 
5312.99 
5314.69 
5318.12 


5329.03 

5a39!ii 
5341.15 
5a50.19 
5352.64 


5372.06 
5374.98 
5377.10 


5397.43 
5403.70 
5406.19 
5410.25 
5412.47 


5417.38 

5420.21 

5423.16 

5428'.  is 

54.30.37 

5432.21 

5445.51 
5448.30 
5451.05 
5454.19 
5457.13 
5459.19 

5462.84 

5465.41 

547i'.99 


Inten-     Char-        Wave- 
sity       acter       Length 


6 
1-2 

5 

7 
3-4 

5 

1 
2-3 
6-7 

4 
5-6 

1 

6 

3 

1 

6 

2 

4 

2 

1 

6 
1-2 

1 


3-4 

2 

3 
2-3 

1 
0-1 
2-3 

9 

8-9 
0-1 
2-3 

1 

3 

2 

1 

2 

1 

1 
6-7 
2  3 
5-6 

1 

5 

4 

3 

1 
0-1 

5 

6 

3 

3 
2-3 
1-2 

1 


nB 

wD 
B 
D 

nB 
D 
B 
D 
D 
B 
D 
B 
D 
D 
D 
B 
D 
D 

nD 
B 

nB 

nD 
B 
D 
D 

nD 

"b 

D 
wn  D 
B 
D 
D 
B 
D 
B 
D 
B 
D 
D 
B 
nD 
D 
B 
D 
wnB 
D 
B 
D 
B 
D 
B 
D 
D 
B 
D 
B 
B 
D 
B 
D 


wD 
B 
D 


t.m. 

64!  22 

08.54 
14.85 
16.86 
18.94 
26.93 
29.95 
34.69 
40.47 
45.80 
47.89 
49.83 
51.84 
56.28 
70.60 
80.13 
83.87 
98.41 
02.52 
05.01 
13.33 
15.51 
18.00 
20.62 
25.63 
29.22 


39.59 
41.50 
50.12 
52.92 
62.95 
67.39 
68.89 
71.64 
75.40 
78.17 
79.58 
91.77 
97.67 
04.33 
06.81 
10.99 
12.82 
15.01 
17.49 
20.53 
23.53 
25.76 
28.00 
30.67 
32.61 
34.69 
39.00 
45.40 
48.38 
51.55 
54.34 
57.06 
59.49 
61.36 

63.72 

68.47 


Inten-     Char-        Wave- 
sity       acter       Length 


1 
1 
1 

'l-2 

1 
1-2 
3-4 

1 

3 

1 

7 
2-3 
1-2 

3 

1 

1 

2 

3 

4 

2 

1 
2-3 

i-2 
4 
3 
2 


4 
1 
1 

'i-2 
2-3 

1 

1 

7 

2 

4 

1 
2-3 

3 

2 

1 

1 

1 
10 

2 
2-3 
3-4 

2 

2 
1-2 


0-1 
3 
1-2 


B 
nD 

B 
nD 

n'i) 
D 
nB 
nD 
nB 
nD 
D 
nD 
nB 
nD 
nD 
nD 
B 
nB 
nD 
nB 
nD 
nD 
nD 

"b 

D 
D 

wn  B 

'n'b 

B 

wD 

nB 

nD 

wn  B 

D 

D 

n'b 
D 
B 
D 
wn  B 
D 

nB 
D 
B 
D 
B 
D 

nD 
B 
D 
B 
B 

nD 
B 
D 

nB 


D 
n  B 
nD 


14.54 
16.78 
18.40 
25.55 


34.04 
39.70 
45.00 
47.27 
49.22 
51.11 
55.81 
70.20 
80.03 
82.29 
98.41 
02.82 
05.80 
13.17 
15.44 
17.66 
20.95 
25.31 


39.45 
41.17 
50.08 
52.70 


66.69 
68.59 
71.69 
75.93 
77.60 
80.08 
90.65 
97.70 


06.49 
10.55 
12.50 
14.01 
16.98 
19.87 
23.18 
25.09 
27.69 
30.30 
32.21 
33.92 
38.82 
45.07 
47.99 
50.65 
53.65 
56.79 
58.97 
60.89 
62.77 


67.99 
72.27 
74.47 


Inten-    Char-        Wave- 
sity       acter       Length 


3 
1-2 


2 
1-2 

2 

3 

3 

2 

1 

2 
1-2 
2-3 

2 

4 

1 

1 

1 


5 
2 
3 
1 
4 

"i 

4 

"l 
6-7 
2-3 
2-3 
1 


5-6 
1-2 

2 

4 

1 

2 

2 


nB 
wb 


nD 


nD 
nD 


D 

"  D 
nB 
nD 
nD 
nD 
nB 
nB 
nD 
nB 
nD 
nD 
nD 
nD 
nB 
nD 
nD 
nB 
D 
nD 

"b 

B 

D 

nB 

nnD 

nD 

n'b 
D 

n'b 
nB 

D 
nB 

D 

"b 
"b 

D 
nB 
D 
B 
B 
D 
B 
D 


B 
nD 

B 
nD 


97.60 

m.m 


25.80 


34.04 
39.55 


70.62 
79.60 
83.12 
97.86 
02.64 
05.08 
13.21 
15.27 
17.72 
21.18 
25.18 
28.93 
36.90 
39.11 
41.22 
49.73 
52.43 
62.69 
66.61 


71.25 
74.93 
77.32 

79.77 
90.76 
97.35 


06.05 
09.94 


14.21 
17.14 
19.89 
22.90 
24.73 


30.08 


,33,88 
38.55 
44.63 
47.73 
50.79 
53.14 
56.71 
58.73 
60.61 
63.01 

64.81 
66.90 
72.11 

74.28 


ME.A.N  Wave-Lenoth 


Uncor- 

Cor. 

rected  for 

tor 

Velocity 

V 

t.m. 
97.07 

+3 

03.99 

+3 

08.32 

+3 

14.60 

+3 

16.72 

+3 

18.72 

+3 

26.16 

+3 

29.67 

+3 

34.24 

+3 

39.91 

+3 

45.34 

+3 

47.53 

+3 

49.44 

+3 

51.41 

+3 

55.92 

+4 

70.42 

+4 

79.55 

+4 

83.13 

-4 

98.15 

-4 

02.72 

-4 

05.22 

-4 

13.18 

-4 

15.23 

-4 

17.87 

--4 

20.95 

—4 

25.28 

—4 

28.99 

—4 

36.90 

+4 

39.32 

-4 

41.26 

—4 

50.03 

—4 

52.67 

-4 

62.95 

-4 

66.90 

-4 

68.74 

+4 

71.66 

+4 

75.34 

+4 

77.54 

-4 

79.78 

-4 

91.05 

—4 

97.54 

-4 

03.90 

—4 

06.39 

—4 

10.24 

—4 

12.60 

-4 

14.41 

--4 

17.25 

—4 

20.13 

--4 

23.19 

--4 

25.20 

+4 

27.95 

+4 

30.. 35 

+4 

32.34 

+4 

34.16 

+4 

38.79 

+4 

45.15 

+4 

48.10 

+4 

51.01 

+4 

53.81 

+4 

56.92 

+4 

59.10 

+4 

60.95 

+4 

62.87 

+4 

a3.72 

+4 

65.11 

+4 

67.79 

+4 

72.39 

+4 

74.52 

+4 

5197.10 
5204,02 

.7i()S  .Tj 

521  I.e.:! 
.52ir,,7."^i 
521S.75 
.5221-,.  1!  I 
5229 . 70 
5234.27 
5239.94 
5245.37 
5247.56 
5249.47 
52.51.44 
52.55.96 
5270.46 
5279.59 
5283.17 
5298.19 
5302.76 
5305.26 
5313.22 
5315.27 
5317.91 
5320.99 
5325.32 
5329.03 
5336.94 
5.339.36 
5341.. 'iO 
5a")0.07 
5352.71 
5362.99 
5366.94 
5368.78 
5371.70 
5375.38 
5377.58 
5379.82 
5391.09 
5397.58 
5403.94 
5406.43 
5410,28 
5412.64 
5414,45 
5417.29 
5420.17 
5423.23 
5425.24 
5427.99 
5430.39 
5432.. 38 
54.34.20 
,54:»J.83 
5445.19 
5448.14 
54,51.05 
54.53.85 
54.56.96 
5459.14 
5460.99 
5462.91 
5463,76 
5465.15 
.5467.83 
5472.43 
5474.56 
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19  PISCIUM-213  SCHJELLERUP  —  Contimied 


loten-    Char- 
sity       acter 
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1 
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D 

nB 
nD 
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nD 
nB 
nB 


nD 

nB 

D 


nD 
B 

nB 

nb 
nB 

nb 


nD 
Head 


nB 
D 


nD 

nB 
nB 


Wave- 
Length 


5482.52 
5495.77 
5498.52 
5501.96 
5506.76 
5509.15 
5510.90 


5528.45 


5562.42 
5564.30 
5566.29 


5583.84 
5586.80 


5609.13 

sen'.oi 

5624;66 


5634.21 
56.^.96 


5673.49 
5676.64 


5686.88 


5704.61 
5769! 74 
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Char- 

sity 
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1 

D 

5 

B 

2 

D 

1-2 

B 
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D 
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nD 

0-1 

D 

4 

nB 

"i 

"b 
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D 

0-1 
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B 

1 

D 
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nD 
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"b 
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D 
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D 

1 

D 

0-1 

D 

'&I9 
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B 

1 

nD 
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nB 

1 

nD 

4 

B 

1 

nD 
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nb 

0-1 

D 
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nD 

"2 

nb 

2 

B 
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B 

10 

D 

(; 
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1 

1 
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0  1 
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1-2 

2 

1 

1 

3 
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78.10 
80.70 
&3.19 
96.47 
98.54 
02.02 
07.66 
09.18 


13.06 
25.05 
28.41 
32.10 
34.37 
39.79 
41.75 
43.84 
48.75 
52.50 
54.55 
56.64 
62.81 
64.75 
66.99 
70.67 
74.21 


84.05 
85.76 
87.21 
89.28 
92.45 
95.29 
97.  G9 
99.97 


09.55 
15.87 
17.64 
20.02 


24.81 
27.62 
30.60 
34.  (X) 
36.05 
37.49 
41.06 
43.69 
46.83 
50.00 
53.37 
54.74 
59.01 
73.92 
76.35 
79.09 
84.48 
87.12 
9.-5. 07 
97.10 
«j.58 
08.26 
10.76 
12.77 
14.96 
16.82 
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sity 


2 
4  5 

1 
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1-2 
2-3 
1-2 

1 
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10 

'2-3 

1 

1 

2 

1 

1 

2 
1-2 

1 

1 

1 

1 
10 


1 

3  4 

1 
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D 

nB 
D 
D 

nD 
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B 

nD 

nD 

nB 

D 

wD 

nB 

nD 

nD 

B 

D 

D 

B 

D 

D 

D 

B 

D 

nD 
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B 

nD 
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B 

1 
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nD 
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B 
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1 
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nB 
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nD 
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B 

1 

D 

3 

nB 

1  2 

D 
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B 

1 

nD 

■5 

nB 

Wave- 
Leogth 


t.m. 

86!99 
82.63 
95.85 
98.13 
02.12 
06.92 
09.89 
10.45 
12.57 
24.16 


31.83 
33.70 
39.46 


43.35 
48.28 
52.45 
54.01 
56.25 
62.85 
64.57 
66.70 
69.91 
73.20 
74.75 
76.45 
83.91 


86.90 
89.13 
92.07 
94.26 
97.40 
99.66 
06.36 
09.02 
15.60 


19.97 
22.25 
24.74 
27.71 
30.70 
34.46 
36.36 
37.48 
41.26 
43.65 
47.11 
49.76 
53.42 
55.02 
58.73 
73.94 
76.31 
79.39 
84.52 
87.61 
93.98 
96.72 
05.62 
08.55 
10.  a3 
13.35 


16.90 


Inten- 

Char- 

sity 

acter 

1-2 

nD 

'2-3 

■'b 

"3 

"b 

2 

D 

1 

D 

'i-2 

nb 

1 

nD 

1-2 

D 

1 

nB 

1 

D 

7 

nD 

"2 

nb 

1 

nD 

3 

B 

12 

D 

2 

D 

2 

B 

2 

nD 

1 

D 

1 

D 

"i 

"b 

8 

D 

"4 

"b 

2 

nD 

1-2 

b 

1-2 

nD 

12 

B 

1 

nD 

■3 

nb 

1 

nD 

34 

nb 

4  5 

nD 

io 

"  D 

"  i 

"b 

1-2 

B 

1 

nD 

1 

nB 

1 

D 

'2 

B 

3 

nD 

3 

B 

2-3 

D 

1-2 

B 

1 

B 

1 

nD 

4-5 

n  B 

2 

nD 

3 

B 

2  3 

D 

12 

B 

12 

D 

"3 

■■'b 

Wave- 
Length 


t.m. 
78.00 


82;44 

97 

71 

02 

01 

07 

23 

12.34 
23.99 
27.92 
31.68 
3:5.41 
39.67 


48.20 
52.19 
54.06 
55.96 
62.28 
64.15 
66.27 
70.17 
73.17 


76.07 
83.95 


86.79 
88.56 
92.18 
93.86 
97.13 
99.05 


09.48 
15.09 


20.10 
24.52 


33.92 
36.39 
37.69 
41.01 
44.75 
46.23 
49.77 


55.29 
57.9:j 
73.35 
76.05 
79.02 
a3.75 
86.66 
93.57 
96.49 
05.13 
07.84 
10.30 
12.57 


17.27 


Mean  Wave-Lesgth 


Uncor- 
rected for 
Velocity 


Velocity 


t.m. 
78.05 
80.85 
82.69 
96.03 
98.23 
02.  a3 
07.14 
09.47 
10.68 
12.66 
24.40 
28.20 
31.92 
as.  83 
39.69 
41.75 
43.40 
48.30 
52.38 
54.25 
56.28 
62.51 
64.45 
66.56 
70.25 
73.53 
74.75 
76.46 
83.94 
85.76 
86.93 
89.02 
92.23 
94.47 
97.47 
99.56 
06.36 
09.17 
15.52 
17.34 
20.03 
22.25 
24.67 
27.66 
30.65 
34.17 
36.09 
37.55 
41.08 
44.03 
46.71 
49.84 
53.40 
55.06 
58.65 
73.72 
76.37 
79.17 
84.25 
87.07 
93.74 
96.77 
(6.37 
08.17 
10.41 
12.90 
14.96 
17.01 


+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
-4 
-4 
-4 
-4 
-4 
-4 
-4 
-4 
-4 
-4 
--4 
--4 
--4 

—  4 

—  4 
--4 
--4 
--4 
--4 
--4 
--4 
--4 
--4 
--4 
--4 
-4 
--4 
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—  4 
-4 
-4 
-4 
-4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 
+  4 


t.m. 
5478.09 
5480.89 
5482.73 
5496.07 
5498.27 
5502.07 
5507.18 
5.509,51 
5510.72 
5512.70 
5521.44 
5528.24 
5531.96 
5533.87 
5.539.73 
5541 . 79 
5543.44 
5548.34 
5552.42 
5554.29 
5556.32 
5562.55 
5564.49 
5566.60 
5570.29 
5573.57 
5574.79 
5576.49 
5583.98 
5585.80 
5586.97 
5589.06 
5592.27 
5594.51 
5597.51 
5599.60 
5606.40 
5609.22 
5615.56 
5617.38 
5620.07 
5622.29 
5624.71 
5627.70 
5&30.69 
5a34.21 
5636.13 
5637.59 
5641.12 
5644.07 
5646.75 
5649.88 
5653.44 
5a55.10 
5658.69 
5673.76 
5676.41 
5679.21 
5684.29 
5687.11 
5693.78 
5696.81 
5705.41 
5708.21 
5710.45 
5712.94 
5715.  (X) 
5717.05 
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19  PISCIUM  =  273  SCHJELLERUP— Continued 


G259 

G269 
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Char- 
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acter 
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—4 

5798.68 

1 

nD 

22.69 

1 

D 

22.69 

22.69 
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SCHJELLERUP 


1899,  October  18,  G.M.T.  IBtl.     Hour  angle,  W  IVS 
Star  fair;  comparison  good 
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b! 
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50.. 5099 
50.7400 
50.9450 
51.0778 
51.2257 
51.4054 
51.5497 
51.6385 
51.6825 
51.7274 
51.8039 

52.6274 

52! 1662 

52.1520 

52.5197 

52.569 

52.669 

52.7667 

52.8267 
52.844 
52.937 
52.9930 


4481.06 
4488.98 
4496.11 
4500.76 
4505.98 
4512.. 36 
4517.53 
4520.73 
4522.. 32 
4523.94 
4526.73 


45.34. 


45.37.58 
4539.49 
4553.21 

4.5.55.08 
4558.86 

4562.56 

4564.85 
4565 . 52 
4.569.09 
4571.41 
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+  2 

+  1 

0 
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_  2 

-  3 

-  4 
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Wave- 
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4481.08 
4488.99 
4496.11 
4.500.75 
4.505.96 
4512.33 
4517.49 
4.520.68 
4522.27 
4.523.89 
4526.68 

4534.83 

4537.5! 

4539.42 

4553.12 

4.555.0 

45.58.8 

4.562.46 

4564.75 
4565.4 
4.569.0 
4571.31 


,  December  29,  G.M.T.  lli;2.    Hour  angle,  W  V>i 
Star  fair;  comparison  good 


nnD 

from 
to 

wnD 
nD 
nD 
nD 

wnD 

"nh 

nnD 

nD 


nD 
from 


nnD 
nnD 


Mean 

Scale 

Reading 


62.2999 

62! 0955 
62.0720 
61.9785 

6i'i895 
61.0215 
60.7203 
60.5093 
60.2908 

60! 0242 
59.8414 
59.6899 


59.4587 
59.352 

59.213' 
58!  7.399 

58 !. 5685 


58.2920 
58.1352 


Wave- 
Length  by 
Formula 


4429.56 

44.36!  i2 
44.36.88 
44.39.92 

4466! 08 
4471.77 
4482.09 
4489.41 
4497.07 

4.506!  si 
4513.06 
45 18.. 53 

4523! 28 

4526! 96 
4530.88 

45.36!6i 


4553.76 
4566! 29 


4571.. 53 

4577.06 


Cor. 
from 
Curve 


Wave- 
Length 


44.35.77 

4436.5 

4439.56 

446.5!  66 
4471.34 
4481.64 
4488.94 
4496.59 

4.566!6,3 

4512.57 
4518.04 

4522! 79 

4526! 47 
4530.39 

45.35!  52 


4553.27 

4559! si 


4571.06 
4576.60 


Me.^n  W.we-Lexgth 


Velocity 


t.m. 
29.14 
34.85 
35.69 
.36.4 
39.48 
63.38 
65.58 
71.26 
81. 36 
88.97 
96.. 35 
00.84 
06.00 
12.45 
17.77 
20.77 
22.53 
24.98 
26.58 
30.31 
34.92 
35.44 
37.60 
39.51 
53.20 
55.09 
58.89 
59.73 
62.55 
64.84 
65.48 
69.08 
71.15 
76.52 


-1-37 
+37 
-1-37 
-^37 
-t-.37 
-1-38 
+38 
+.38 
+38 
+38 
+38 

.38 
+38 
+38 
+38 

.38 
+38 
+38 
+.38 
+38 
+38 
+38 
+.38 
+.38 
+38 
+38 
+.38 
+38 
+38 
+38 
+38 
+38 
+.38 
+38 


Velocity 


t.m. 
4429.51 
44.35.22 
44.36.06 
44.37.0 
4439.9 
44&3.76 
4465.96 
4471.64 
4481.74 
4489.. 35 
4496.73 
4501.22 
4506, 38 
4512.83 
4518.15 
4521.15 
4522.91 
4525.36 
4.526.96 
4530.7 
45.35.30 
4.5.35.8 
4537.98 
4539.89 
4553.58 
45.55.5 
4559.3 
4560.11 
4.562.93 
4.565.22 
45&5.9 
4.569.5 
4571.53 
4576.90 
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280  SCHJELLER  UP  —  Continued 


Inten- 
sity 


5-6 
2 
1 
2 

1 

7 

3 
1 
4 
1 

"i 
2 
3 


1-2 
3 


2-3 

"i 

1 

4 
2 


9 

IMU 

ofilme 
3 


wnB 
nD 
nD 

nnB 

nB 

D 

nB 

nD 

B 

nD 

nnD 

nB 

nB 

D 


nB 
D 


nB 

"b 

nB 

D 

D 

wn  D 

nnD 

nnD 


nB 


Mean 

Scale 

Reading 


mm. 
53.3020 
53.3707 
53.5710 
53.6198 
53.7070 
53.8745 

53  .'9284 
54.1182 
54.1567 
54.1922 
54.4330 
54.4779 
54.6472 
54.6947 


54.7444 
54.a347 


55.1780 

55.2574 
55.2852 
55.3472 
55.5047 
55.6657 
56.3944 
56.6945 


56.9179 


wnD  I  57.0089 

Head    57.0499 

nB     57.0845 


wn  B 

n  D 

n  D 

nn  B 

wnD 

nn  B 
nD 
nnB 


nnD 

"  B 

) 
D 


57.2724 
57.33&5 
57.4tft5 
57.SK4 
57.8460 

58!i324 
58.4695 
58.5190 


3436 
3192 
3710 
4042 


Wave- 
Length  by 
Formula 


4583.22 
4585.91 
4593.82 
4595.74 
4599.21 
4605.92 

iem'.bd 

4615.79 
4617.35 
4G18.80 
4628.72 
46:%.  56 
4&37.61 
4639.60 


4641.68 
4645.49 


4660.01 

4663! 44 
4664.73 
4667.41 
4674.27 
4681.78 
4714.06 
4727.92 


4738.38 


4742.67 
4744.62 
4746.26 


4755.23 
4758.41 
4766.01 
4767.94 
47a3.22 

48i2!73 
4814.64 
4817.18 


4831.66 


4860.61 
4&59.29 
4862.08 
4863.88 


Cor. 
from 
Curve 


-   9 


-   1 

'6 
0 

+  1 

ti 

+17 
+23, 


-1-24 


+25 
+25 
+25 


+27 
+27 
+28 
+28 
+30 

+3i 
+31 
+31 


+30 


+27 
+27 

-f-27 
+27 


Wave- 
Length 


t.m. 

4583.12 
4585.81 
4593.72 
4595.64 
4599.11 
4605.83 

4668.66 
4615.71 
4617.27 
4618.72 
4628.66 
4&30.50 
4637.56 
4639.55 


4641.63 
4645.45 


4660.00 

4663! 44 
4664.73 
4667.42 
4674.30 
4681.83 
4714.23 
4728.14 


4742.92 
4744.87 
4746.51 


4755.50 
4758.68 
4766.29 
4768.22 
47a3.52 

48i3!64 
4814.95 
4817.49 


4831.96 


4860.88 
4859.56 
4862.35 
4864.15 


B 
Max 


nD 


D 
from 


nnD 


nB 

nn!b 
from 

to 
nD 
nnD 
from 

to 


nnD 
nnD 
nnD 
wnD 
nnD 
from 
to 

to ' ' 
from 

Head 

to  ' ' 
nnD 
wB 
nD 


wn  D 
nnD 


nn  B 
nnD 
nD 
nD 
nnD 
nn  B 


nnD 
nnD 
from 
to 

B 
nnD 
nnD 
from 
to 


Mean 

Scale 

Reading 


mm. 
57!89i7 


57.3998 
57.3680 


57.1620 


56.8002 

56! 5932 
56.5715 

56!  4845 
56.4412 
56.2302 
56.1785 

56! 0695 


55.92a3 
55.7829 
55.(;2()4 
54.!I117 
54.6W0 
54.5U10 
54.4140 

54!3466 
54.3385 

54!2556 

54!is(')i 

54.1429 
54.0138 
53.9742 


53.4997 
53.0248 


52.7895 
52.7088 
52.a'5(!8 
52,5227 
52.3259 
52.0585 


51.90(X) 
51.7328 
51.7085 
51,(l'«)0 
51,6740 
51.6105 
51,4(^8.'! 
51..'5<J85 
51.2960 


Wave- 
Length  by 
Formula 


4606.35 
4607.64 


4616.06 


4631.06 

4639! 77 
4640.69 

4644! 47 
4G4G.23 
4655.27 
4657.50 

4662! 23 


4668.39 
4674.78 
4681.98 
4714.14 
4728.47 
4733.35 
4737.48 

474i!66 
4741.07 

4745! 66 

i74s!(5<; 
47:)0.45 
4755 . 25 
4758.63 


4782.05 
4806.12 


4818.30 
4822.51 
4826.28 
4S52  ;» 
48.39.54 
4857.18 


48a5.34 
4875.05 
4876.40 
4880.26 
4878.31 
4H81,a') 
4HSil.82 
4895.45 
4899.56 


-38 

-36 
-36 

-35 
-35 

-a3 

-32 


Wave- 
Length 


t.m. 
4586 !i9 


4605.93 
4607.22 


4639.41 
4640.33 

4644 !i2 
4645.88 
4&54.94 
4657.18 

466i!92 


4668.10 
4674.50 
4681.71 
4713.96 
4728.  ;W 
47:«.18 
4737.32 

4746! 84 
4740.91 

4744 !9i 

4748! 52 
4750.31 
4755.12 
4758.50 


4781.95 
4806.03 


4818.22 
4822.43 
4826.20 
4a32.22 
4839.46 
4857.09 


4865.24 
4874,94 

487f,.'j;i 
4ss(i.  ]:, 
48TS  :;i) 

4881,71 

4SS'.i  711 
48!l.".,:!2 
4899.42 


Mean  Wave-Length 


Velocity 


t.m. 
83.21 
86.00 
93.81 
95.73 
99.20 
05.88 
07.14 
08.09 
15.68 
17.36 
18.91 
28.75 
30.59 
37.65 
39,48 
40.25 
41.72 
44.04 
45.67 
54.86 
57.10 
60.09 
61.84 
63.53 
64.82 
67.76 
74.40 
81.77 
14.10 
28.22 
33.10 
37.24 
38.71 
40.76 
40.83 
43.01 
44,89 
46,60 
48.44 
50.23 
55,31 
58.59 
66,38 
68.31 
82,7  t 
05,!!.-. 
13,1:1 
I,-,  1)1 
17   ^1: 

26,l''J 
32  (Ki 
39,;  is 
57,1)1 
60, '.)7 
59,  Cm 
62.41 
64.70 
74,8ii 
71;  -J  I 


,si,i;ii 

il.-)  24 
99.31 


+38 
+38 
+38 
+38 
+38 
+38 
+38 
+38 
+38 
+38 
+38 
+38 
+38 
4-38 
+38 
+38 
+38 
+38 
+38 
+39 
-1-39 
+39 
+39 
+39 
+39 
+39 
+39 
+39 
-1-39 
+39 
+39 
+39 
-1-39 
+39 
+39 
+39 
-1-39 
-f39 
+40 
+40 
+40 
4-40 
-1-40 
+40 
1  10 

1  ID 
i  10 
I    1" 


■    10 

'    '" 
'    II 

:  II 
:   II 

I -1-11 
+41 

!  1-11 

1  II 

.  11 

II 

1 11 
i  II 

Mil 
+41 


Corrected 

for 
Velocity 


t.m. 
4583.59 
4586.38 
4594.19 
4596.11 
4599.58 
4()0<),26 
4607.5 
4608.47 
4616,06 
4617.74 
4619,29 
4629.13 
46:W.97 
4&38.03 
4639.86 
4640.6 
4642.10 
4644.4 
4646.05 
4655,25 
4657.5 
4660.48 
4662.2 
4663.92 
4665.21 
4668.15 
4674.79 
4(!82.16 
4714.49 
4728.61 
4733.5 
4737.6 
4739.10 
4741.2 
4741.2 
4743.40 
4745.28 
4746,99 
4748.8 
4750.  &3 
4755.71 
4758,99 
4766,78 
4768,71 
I78;s.l± 
I'^ot^.T) 
isi:j..53 
|sl.-).44 
ISIS. 26 
|s-.!2,75 
|vj(!.52 
|s:)2,49 
is:  11),  78 
|s,-,7.42 
ls(;l.38 
isiai.l 
48(!2.9 
48(!5,11 
4875,27 
4876,6 
4880.5 
4878, 53 
1882,07 
1890.03 
4895.7 
4899.8 
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280  SCHJELLER UP  —  Continued 


Plate  G  .S46 

Plate  G  367 

Mean  Waye-Length 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Leugth  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

t.m. 

t.m. 

Max 
1-2 

B 
nnD 
nnD 

51.3245 
51.2795 
50.9320 

t.m. 

4897.94 
4900.51 
4920.49 

-13 
-14 
-17 

t.m. 
4897.81 
4900.37 
4920.32 

t.m. 
97.73 
00.29 
20.24 

+41 
+41 

+41 

t.m. 
4898.14 
4900.70 
4920.65 

280  SCHJELLER  UP 


Plate  G  366 

Plate  G  370 

1899,  December  28,  G.M.T.  IIM.    Hour  angi 

e,  W.iij± 

1900,  January  2,  G.M.T.  IIM.    Hour  Angle,  W  oW 

Mean  Wave-Length 

Star  fair ;  comparison 

good 

Star  fair;  comparison 

good 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 

Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 

Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 

Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

Snectnim 

begins 

40.9180 

t.m. 
5170.70 

-43 

t.m. 
5170.27 

mm. 
48.7620 

t.m. 
5168.48 

-29 

t.m. 
5168.19 

t.m. 
69.23 

+4'? 

t.m. 
5169.7 

nnb 

48.9115 

5174.48 

-33 

5174.15 

73.92 

+43 

5174.  ,35 

nnb 

4i.  2.347 

518.3.60 

-43 

5i83.17 

83.45 

+43 

5ia3.88 

3 

nD 

41.4822 

5193.76 

-43 

5193.33 

a 

nb 

49.3884 

5193.87 

-45 

5193.42 

93.. 38 

+43 

5193.81 

( 

from 

41.7300 

5204.03 

-45 

5203.58 

1 

03.81 

+43 

5204.3 

^ 

... 

wD 

49.7854 

5210.28 

-51 

5209.77 

09.54 

+43 

5209.97 

( 

to 

41.9395 

5212.78 

-47 

5212.31 

12.. 54 

+43 

5213.0 

wnD 

42.2515 

5225.95 

-49 

5225.46 

8 

wD 

aim:: 

.vj-Jt;.60 

-55 

5226.05 

25.76 

+43 

5226.19 

B^ 

from 

50 -22.  id 

•V-;2.s.75 

-56 

5228.19 

27.96 

+43 

5228.4 

^/ 

to 

50.r,;',s() 

.".■.;  16. 40 

-57 

5245.83 

45.60 

+43 

5246.0 

nD 

50.. 30.50 

52.34.70 

-57 

52.34.13 

.33.90 

+43 

52.34.33 

nnl) 

42.7.508 

5247.38 

-oi 

5246.87 

2 

nD 

50.6702 

5247.78 

-56 

5247.22 

47.05 

+43 

5247.48 

nnD 

42.8.324 

5250.92 

-51 

5250.41 

1 

nD 

50.7688 

5252.04 

-56 

52.51.48 

50.95 

+43 

52.51.4 

5 

nD 

43.2787 

5270.48 

-49 

5269.99 

4 

nD 

51.2009 

5270  91 

-54 

5270.. 37 

70.18 

+44 

5270.62 

2-3 

nD 

43.5644 

5283.19 

-48 

5282.71 

nnD 

51.4825 

5283.. 38 

-.50 

5282.88 

82.80 

-1-44 

5283.24 

2 

nD 

43.8934 

5298.01 

-45 

5297.56 

nnD 

51.8159 

5298.33 

-45 

5297.88 

97.72 

+44 

5298.16 

1 

nD 

43.9923 

5.302.50 

-45 

5,302.05 

02.28 

+44 

5.302.72 

nnD 

44.1069 

5.307.73 

-43 

5,307.. 30 

07.53 

+44 

5.307.97 

nnD 

44.2664 

5315.05 

-41 

5.314.64 

14.87 

+44 

5.315.. 31 

nnD 

44.. 3880 

5320.68 

-40 

5.320.28 

20.51 

+44 

5.320.95 

wnD 

44.0779 

5329.48 

-36 

5.329.12 

wD 

52.5064 

5329.94 

-35 

5.329.59 

29.36 

+44 

5.329.80 

nnD 

44.7.330 

5336.73 

-35 

5336.38 

36.61 

+44 

5.337.05 

i 

nb 

52.7.540 

534i.49 

-.32 

5.341.17 

41.40 

+44 

5.341.84 

4 

D 

45.6162 

5349. si 

-:30 

5349. 5i 

3 

nD 

52.9510 

5.350.76 

-29 

5350.47 

49.99 

+44 

5.350.43 

2 

B 

53.0073 

5.353.43 

-28 

5.353.15 

52.92 

+45 

5.353.37 

Con.  t 

from 

53.04.30 

5355.12 

-28 

5:K4.84 

54.61 

+45 

5.355.1 

Swc. ' 

to 

53.35.30 

5369.93 

-24 

5,369.69 

69.46 

+44 

5.369  9 

10 

wD 

45.4645 

537i.56 

-25 

5371.31 

8 

D 

53.3993 

5372.15 

-23 

5.371.92 

71.62 

+45 

5.372.07 

2 

B 

45.5302 

5374.74 

—25 

5.374.49 

3 

B 

53.4640 

5,375.27 

-22 

5375.05 

74.77 

+45 

5.375.22 

nnD 

45.5707 

5,376.71 

-24 

5.376.47 

nD 

53.5124 

5377.81 

-22 

5377.59 

77.03 

+45 

5.377.48 

( 

from 

45.5880 

5377.55 

-24 

5377.31 

77.54 

+45 

5.378.0 

b] 

Max 

B 

53.5632 

5380.07 

-21 

5379.86 

80.09 

+45 

5380.54 

( 

to 

45.6610 

5381.11 

-23 

5,380.88 

81.11 

+45 

5381.6 

Con.    i 

from 

45.7350 

5384.71 

-22 

5384.49 

84.72 

+45 

5.385.2 

Spec.  ( 

to 

45.8425 

5,389.98 

-22 

5.389.76 

89.99 

+45 

5.390.4 

nnD 

45.8650 

5391.09 

-21 

5390.88 

nnD 

53.7980 

5.391.52 

-19 

5391.  a3 

91.11 

+45 

5391.56 

6 

D 

45.9830 

5.396.91 

-21 

5396.70 

4 

nD 

53.9200 

5.397.51 

-17 

5.397.34 

97.02 

+45 

5.397.47 

( 

rom 

53.9680 

5.399.88 

-17 

5399.71 

99.48 

+45 

5.399.9 

D 

46.i6i7 

5405.77 

-it* 

5405.58 

^ 

05.81 

+45 

5406.26 

( 

to 

54.0840 

5405.61 

-16 

5405.45 

05.22 

+45 

5405.7 

1 

B 

.54.1.377 

5408.27 

-15 

5408.12 

07.89 

+4r, 

5408.. 33 

3 

D 

46.2497 

54i6.i6 

-18 

5409.98 

nnD 

54.1800 

5410.37 

-15 

5410.22 

10.10 

+45 

5410.55 

B  j 

from 

46.2950 

5412.42 

-18 

5412.24 

Bi 

from 

54.2520 

5413.97 

-14 

5413.83 

13.03 

4-45 

5413.5 

to 

46.4160 

5418.49 

-17 

5418.31 

to 

54.. 3540 

5419.07 

-13 

5418.94 

18.61 

+45 

5419.1 

Max 

54.. 3223 

5417.48 

-13 

5417.. 35 

17.58 

+45 

.5418.03 

2-3 

D 

46.4445 

54i9.92 

-17 

5419.75 

nnb 

54.3795 

5420.34 

-12 

5420.22 

19.99 

+45    5420.44 
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1-2 

1 

12 


i. 


5  6 


Con. 
Soet. 


1-2 
1-2 


8 
Head 

i 

1-2 

"i 

2 
1-2 


B 

D 

B 

nD 

'    D 
D 

from 
to 

D 
from 

to 
D 
B 
D 
B 
nnD 
nnD 

nb 
from 


wD 

from 

to 
nD 
nB 
nD 

from 

to 

nn  B 

nn  D 

nnD 
nB 
nB 
nD 
nD 
n  B 
nB 

"b 

D 

from 


D 

nn  D 

nD 

from 

to 

nD 

nD 

B 

D 

nD 

nnB 


nD 
nn  B 


Uean 

Scale 

Beading 


mm. 
46.5025 
46.5524 
46.5820 
46.6404 

46!  724.3 
46.8110 
46.8465 
46.9510 
46.9884 
47.0290 

47'.ii95 
47.1517 
47.2005 
47.2378 
47.2923 
47.. 3509 
47.5084 

isiioso 

48.1300 
48.2095 
48!2446 


Wave- 
Length  by 
Formula 


,3070 
.4820 
,5019 
.5527 
,5915 
,6560 
,7470 
.9644 
.0123 
1890 
27.32 
4.380 
4907 
5880 
.6457 
.7184 


1167 
1994 
2330 

.3020 
.3392 
.3828 
52.30 
6050 
62.3fJ 
7215 
7.539 
96.37 
0070 
0470 
2199 
3075 


51.5520 
51.6852 


t.m. 

5422.85 
5425.38 
5426.87 
5429.84 

5434 !ii 
5438.53 
5440.. 35 
5445.72 
5447.65 
5449.74 

5454^42 
5456.04 
5458.63 
5460.57 
5463.42 
5466.48 
5474.76 

5506.63 
5507.99 

5512.30 

55i4!i8 

ssiiieo 

5527.20 
5528.30 
55.31.11 
55.33.24 
55.36.80 
5541.90 
5554.04 
5556.74 
5566.74 
5.571.53 
5580.96 
55a3.99 
5589.61 
5592.95 
5597.17 

5620.55 
5625.46 
5627.50 

5631.61 
5a^3.81 
5&36.42 
5644.85 
5649.82 
5650.93 
5f«6.89 
5658.87 
5671.74 
5674.41 
5676.88 
.5687.62 
56ft3.09 


5708.50 
5716.97 


Cor. 
from 
Curve 


Wave- 
Length 


t.m. 
5422.68 
5425.22 
5426.71 
5429.68 


5433.96 
5438.38 
5440.20 
5445.58 
5447.51 
5449.60 


5454.29 
5455.91 
5458.50 
5460.44 
54&3.29 
5466.35 
5474.64 
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5506.50 
5507.86 

5512.17 

5514! 05 

5517^47 
5527.06 
5528.16 
55.30.97 
55.33.10 
55.36.66 
5541 . 75 
5553.87 
5556.57 
5566.56 
5571.. 34 
5.580.75 
5583.77 
5589.38 
5592.72 
5596.93 

5620 ; 27 
5625.17 
5627.20 

5631.31 
56.33.50 
5636.11 
5644.52 
5649.48 
5650.59 
5656.54 
5658.52 
5671.37 
5674.03 
5676.50 
5687.22 
5692.68 


5708.07 
5716.53 


3 
1 

i 

2 
Max 

4 


nnD 

nB 

nnD 

from 
to 
nnD 

wB 

nn  b 
nB 

n  B 
nD 
nD 
nD 


nB 


from 
nnD 


1 

2 

1 

Max 


B 

nn'b 

nB 

nD 

nnD 

nB 

nB 

B 

D 

\vB 
nb 


nD 
nb 


wn  B 
B 

nn  B 

nD 

B 


Mean 

Scale 

Reading 


54.5747 
54.6125 
54.6612 

54.7800 
54,8940 
54.9297 

55'.6il2 

55.0857 
55.1330 

5.5!2.3i6 
55.2845 
55.4.374 
55.5940 


56.0978 
56.14.30 


56.2182 
56.2.390 


56.9077 

57!i464 

57^3886 
57.4430 
.57.5315 

57. 1  H.V.I 
.57..S21I) 
58.0629 

.58^221 .5 

58 '2827 
.58,. 330  J 


58.9019 
.59.6616 


59.2745 
.59..%5.38 
.59.4707 
.59.. 5077 
.59.6410 


Wave- 
Length  by 
Formula 


54;J0.18 
54.32.10 
54:i4.56 

5440.62 
5446.46 
5448.28 


.5456.. 33 
5458.78 

546.3!  87 
5466.  &5 
5474.66 
5482.91 


5509.85 
5512.30 


5.516.. 37 
.5517.51 


5554.43 

5567! 88 

.5.58i!64 
5.584.80 
.5.589.89 
.5592.98 

.-,.V.W.24 
."i(;()ii.87 
rj620.90 


56.30.31 


56.33.95 
.56.36.81 


5671.44 
5677 '..55 


.5694.53 
.5699.50 
.5706.85 
.5709.19 
5717.65 


Cor. 
from 
Curve 


-18 

-2i 

-21 
-23 
-23 
-24 
-26 
-28 


-35 
-36 


Wave- 

Length 


54;W.07 
.5432.00 
5434.46 

5440.53 
5446.38 
5448.20 


54.56.26 
5458.71 

5463!86 
5466.59 
5474.60 
5482.85 


5509.77 
5512.22 


5516.28 
5517.42 


5567.70 

558i!43 
5584.59 
5,589.66 
5592.75 
5598.00 
5606.61 
5620.62 


5a30.02 


5&33.65 
5a36.51 


5677.19 


.5694.16 
5699.12 
.57(J6,46 
.5708.80 
5717.25 


Mean  W.ive-Lesoth 


Uncor- 
rected 
for 
Velocity 


t.m. 
22.94 
25.45 
26.94 
29.88 
32.23 
.34.21 
38.61 
40.. 37 
45.98 
47.86 
49.83 
52.18 
54.52 
56.08 
58.61 
60.67 
63.. 55 
66.47 
74.62 
82.62 
06.73 
08.09 
09. 54 
12.40 
11.99 
14.28 
16.05 
17.45 
27.29 
28.. 39 
.31.20 
33.. 3:^ 
.36.89 
41.98 
54.07 
56.80 
67.13 
71.. 57 
81.09 
84.18 
89.52 
92.74 
97.47 
06. .38 
20.45 
25.40 
27.43 
29.79 
.31.54 
.3:3.. 58 
.36.. 31 
44.75 
49.71 
.50.82 
.56.77 
58.75 
71.2.3 
74.26 
76.85 
87.45 
92.91 
93.93 
98.89 
06.23 
08.44 
16.89 


Cor. 
for 
V 


-1-45 
-1-45 
-M5 
+45 
+Vo 
-h45 
+i5 
+i5 
-f45 
-1-45 
-h46 
-f46 
-1-46 
-t-46 
-1-46 
-1-46 
-1-46 
-1-46 
+46 
f46 
-1-46 
+46 
+46 
-+-46 
+46 
+46 
+46 
+46 
+46 
+46 
+46 
-H6 
+46 
-1-46 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
+47 
—47 
-47 
—47 
+47 
-47 
-47 
—48 
—48 
—48 
-48 
-48 
—48 
+48 
+48 
+48 
+48 
+48 
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Plate  G  366 


Inten- 

Char- 

sity 

acter 

2 

nB 

nnD 

nnD 

nnD 

2-3 

wnB 

wnD 

"i 

nD 

Mean 

Scale 

Reading 


51.7968 
51.9112 


52.10G5 
52.2212 
52.31'13 
52.4020 

52!  5.380 


Wave- 
Length  by 
Formula 


5724.11 
5731.46 


5744.10 
5751.60 
5757 . 70 
5763.48 


49 


Cor. 
from 
Curve 


-49 
-50 

-50 
-50 

-50 


Wave- 
Length 


5723.65 
5730.99 


5743.61 
5751.10 
5757.20 
5762.98 

5771! 99 


Max 
i-2 


2 

1 

2 

End 


PL.iTE  G  370 


nD 
from 
to 

nb 
wB 

nB 
nD 
nB 


Mean 

Scale 

Reading 


mm. 
59.7514 

59 '8747 
59.9020 
60.0390 

60'i725 
60.2697 

ed'.mb 

60.4740 
60.6135 
61.9530 


Wave- 
Length  by 
Formula 


5732.60 
5734.40 
5743.30 

5751^89 
5758.25 

5769 ! 66 
5771.71 


Cor. 
from 
Curve 


-42 
-42 
-43 

-44 
-45 


Wave- 

Length 


t.m. 
5724.27 

5732! is 

5733.98 

5742.87 

575i!45 

5757.80 

5768! 54 
5771.25 
5780.52 
5872.90 


Me.^x  W.we-Lexgth 


Velocity 


t.m. 
23.96 
31.22 
31.95 
33.75 
42.64 
43.84 
51.22 
57.57 
63.21 
68.31 
71.62 
80.29 
72.67 


+48 
+48 
+48 
+48 
+48 
+48 
+48 
+48 
+48 
+48 
+48 
+48 
,+*8 


Velocity 


5724.44 

57.31.70 

57.32.43 

57.34.2 

5743  1 

5744.32 

5751 . 70 

5758.05 

5763.69 

5768.79 

5772.10 

5780.77 

5873. 
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1899,  January  la,  G.M.T.  16*4.    Hour  1 
Star  good;  comparison  fai 


agle,  E  4M 


Inten- 
sity 


2 
2-3 


2-3 
2 
3 


nnD 
nnD 
wnD 
nB 
nnD 
wnD 


nD 

nD 

nD 

nnD 


nD 

wnD 

nD 

B 

D 


wnD 

nB 

wnD 

nD 

nnD 

nnD 

wnD 

nB 

nnb 


Mean 

Scale 

Reading 


mm. 
64.0863 
&3.7893 
as. 4673 
&3..3981 
63.25.37 
63.0670 


62.7075 
62.1355 
62.0466 
61.9070 


61.7190 
61.6256 
61.4923 
61.4420 
61.1761 


61.0220 
60.9604 
60.8905 
60.7160 
60.6218 
60.. 3790 
60.2858 
60.1904 

59! 8046 


59.5902 


Wave- 

Cor. 

Length  by 

from 

Formula 

Curve 

t.m. 

4389.68 

+  9 

4395.06 

+  8 

4400.94 

+  7 

4402.21 

+  « 

4404.86 

+  5 

4408.30 

+  4 

4415 !6i 

+  '3 

4425.81 

+  1 

4427.50 

0 

44.30.16 

0 

443.3!  80 

-i 

44.35.57 

-  1 

44.38.15 

-  2 

44.39.10 

-  2 

4444.30 

-  3 

4447 !3i 

-  4 

4448.52 

-  4 

4449.90 

-  4 

44.53.. 34 

-  5 

44.55.21 

-  5 

4460.00 

-  6 

4461.91 

-  6 

4463.82 

-  7 

447i!62 

-'8 

4475! 98 

-'8 

Wave- 
Length 


t.m. 
4389.77 
4.395.14 
4401.01 
4402.27 
4404.91 
4408.34 


4415.04 
4425.82 
4427.50 
4430.16 


44.33.79 
4435.56 
44.38.13 
4439.08 

4444.27 


4447.27 
4448.48 
4449.86 
4453.29 
4455.16 
44.59.94 
4461.85 
4463.75 

447i'.54 


4475.90 


1900,  March  31,  G.M.T.  ]8l>±.    Hour  angle,  W  2b2 
Star  excellent ;  comparison  good 


In- 
ten- 
sity 

Char- 
acter 

nnD 

wnD 

nnD 

5 

u  B 

wnD 

") 

from 
to 

nnD 

1 

nD 

2 

nD 

1-2 

nD 

Bi 

from 
to 

Max 

B 

nnD 

5 

nnD 

1 

nnD 

5-6 

nB 

Bj 

from 
to 

2 

nD 

6 

nB 

wnD 

1 

nD 

1 

nD 

■3' 

nb 

8 

wnB 

1 

nD 

'^\ 

from 
to 

Mean 

Scale 

Reading 


56.1606 
56.4269 
56.7.340 
56.8282 
56.9736 


57.21.30 
.57.4.510 
.57.4915 
58.0494 
58.1.3.54 
58.2797 
58.. 3200 
.58.45.30 
58.3650 
58.4726 
58.. 5.374 
58.68,50 
58.7336 

59! 6366 
59.1260 
59.1557 
59.2095 
59.2829 
59.44.32 
59.5472 

.59!  8792 
59.9664 
60.0417 

66!.38i6 
60.4880 


Wave- 
Length  by 
Formula 

Cor. 

Curve 

t.m. 

4390.45 

-47 

4395. 37 

-48 

4401.10 

-50 

4402.86 

-50 

4405.59 

-51 

44i6!i6 

-52 

4414.60 

-53 

4415.41 

-53 

4426.15 

-55 

4428  66 

—55 

44.30.63 

-55 

44.31.40 

-.56 

44.34.00 

-56 

44,32.29 

-56 

44.34.40 

-56 

44.35.67 

-56 

44.38.58 

-56 

44.39.54 

-56 

4445^43 

-57 

4447.30 

-57 

4447.94 

-57 

4449.01 

-57 

4450.49 

-57 

4453.71 

-58 

4455.81 

-58 

4462! 56 

-58 

4464.-34 

-58 

4465.89 

-58 

4472! 96 

-58 

4474.90 

-57 

Length 


t.m. 
4,389.98 
4.394.89 
4400.60 
4402., 36 
4405.08 

4466! 58 
4414.07 
4414.88 
4425.60 
4428.11 
4430.08 
44.30.84 
44.33.44 
44.31.73 
44.33.84 
44.35.11 
44.38.02 
44.38.98 


4444.86 
4446.73 
4447.-37 
4448.44 
4449.92 
4453.13 
4455.23 


4461 

98 

4463 

76 

4465 

31 

4472 

-32 

4474 

-33 

Me.IN   W.A.VE-LEXGTH 


95.02 

00.87 
02.32 
05.00 
08.37 
09.55 
14.04 
14.96 
25.71 
27.81 
-30.12 
.30.81 
.33.41 
31.70 
a3.81 
-35.-34 
.38.08 
.38.95 
44.. 30 
44.83 
46.70 
47.32 
48.46 
49.89 
53.21 
55.20 
59.97 
61.92 
63.76 
65.28 
71.57 
72.29 
74. 30 
75.93 


+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 


Velocity 


t.m. 
4390.03 
4-395.17 
4401.02 
4402.47 
4405.15 
4408.52 
4409.70 
4414.2 
4415.11 
4425.86 
4427.96 
44.30.27 
44.31.0 
44.33.6 
44.31.85 
44.33.96 
44.35.49 
4438.23 
4439.10 
4444.45 
4445.0 
4446.9 
4447.47 
4448.61 
4450.04 
44.53.-36 
4455.-35 
4460.12 
4462.07 
4463.91 
4465.43 
4471.72 
4472.4 
4474.5 
4476.08 
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Inten- 

Char- 

sity 

acter 

2^3 

nnb 

linD 

3 

nD 

nnD 

2-3 

nnD 

=  1 

from 
to 

Max 

B 

2 

nD 

■  i 

nnl) 

"4 

wnD 

"5 

wnD 

1 

nnD 

1 

nnl) 

nnD 

"3 

wnB 

2 

nB 

nnD 

nnD 

1 

nnD 

wnb 

^\ 

from 
to 

Max 

D 

Bj 

from 
to 

nnD 

4 

nnD 

2 

nnD 

BJ 

from 
to 

( 

from 

d] 

( 

to 

1 

nnb 

1 

nnD 

"i 

nnb 

2 

nnD 

■  3 

nnb 

^\ 

from 
to 

10 

wnD 

B 

from 

to 

2 

nD 

Mean 

Scale 

Reading 


59.2813 


59.0411 
58.9247 
58.5813 
58.. 35-23 
58.3210 
58.1400 
58.2.340 
58.1063 

57! 9765 

57.5856 

57;3656 
57.1090 
56.9826 
56.7810 

m.iuk 

56.6471 

56^5768 
56.3491 
56.2963 

56'i758 
56.0490 
.55.9160 
.55.9955 
55.9160 
55.7430 
55.69.30 
55.5614 
55.4598 
.55.4400 
55.24.30 
55.24.30 

54 '9870 

54.9575 
54.8243 


54.3836 
54.2548 


.53.9766 
.53.7840 
.53.e7f5<J 
.53.7.343 
53.6760 


53.4800 
53.4613 


Wave- 
Leu^fa  by 
Formula 

Cor. 
from 
Curve 

t.m. 

4482!32 

-'9 

4487:28 
4489.70 
4496.89 
4.501.73 
4.502.40 
45t)6.20 
4504.20 
450G.U6 

-'9 
-10 
-10 
-10 
-10 
-10 
-10 
-10 

4569.16 

-'9 

isis^is 

-'8 

4.522!  94 
4.528.54 
4531.. 32 
4535.78 

-'8 

-  7 

-  6 

-  6 

4537:25 
4538.76 

-'5 
-  5 

4540.46 
4545.43 
4546.61 

-'5 

-  3 

-  3 

4549!. 33 
4552.20 
4555.20 
4.553.41 
4.555.20 
4559.20 
4.560.. 30 
4.5f!3..34 
45f55.68 
4.5G0.10 
4570.70 
4.570.70 

- 

- 
- 

-  2 

-  1 
0 

-  1 
0 

h  1 

-  1 
h2 

-  2 
-3 

4576.76 

+  '5 

4577 '..37 
4580.50 

+  6 

4-  7 

4590.94 
4594.02 

+■9 
+10 

4066 iii 

4fXJ5.40 

4fxe.oo 

4606.59 
4608.00 

+ii 
+12 

+13 

+12 

+13 

46i2!86 
4613.27 

H3 
1-14 

Wave- 
Length 


t.m. 
4482 123 


4487.19 
4489.60 
4496.79 
4501.63 
4502.30 
4506.10 
4504.10 
4506.86 

4569!6i 

-  8  isis^oi 


4.522.86 
4528.47 
4531.26 
4535.72 

4.537  .'26 
4538.71 

4540  ^ii 
4.545.40 
4546.58 

4549.31 
4.5.52.19 
4.5.55.20 
45.5:3.40 
4.555.20 
4559.21 
4.500.. 31 
4563.. 36 
4.565.70 
4.566.13 
4570.74 
4570.74 

4576.75 

4577.43 
4580.57 


4591.03 
4594.12 


4600.82 
4605.52 
4608.13 
4006.71 
4608.13 


4612.93 
4613.41 


Bi 


nnD 

nnD 

nB 

nB 

nnD 

nD 

wn  D 

nn  I) 

from 

to 

"n'b 
nB 
n  D 

nnD 
nD 

wnB 
nD 

nnb 
nnD 
from 


to 
nD 
wnD 

n  B 
nnD 
from 
to 

from 

to 

nnD 

nnD 
nD 
nD 

from 

to 

wnD 
nnD 

nnb 
nnD 
nnD 
nD 
nnD 
nnD 

'nB 
nD 
nD 


nB 

nnD 

nB 

nb 


Mean 

Scale 

Heading 


mm. 
60.7596 

60.8.585 
60.9177 
61.0422 
61.0989 
61.2096 
m  ..'Hi 
r,l    77  111 

iJi.yiTu 

62^6142 
62.08.37 
62.1424 
62.2G69 
62.5267 
62.6753 
62.7,391 

6.3!1629 
63.. 3047 
63.3420 


63.4790 
63.5097 
63.7440 

6.3!  8277 
&3.8949 
64.0240 
64.1530 

64'i.5.36 
64.. 3290 
64.2470 
64. 3721 
64.. 5082 
04., 59.34 
64.6160 
64.7900 

64.8579 
64.9976 

(15.2140 
(j5..'i<J89 
05.4024 
&5. 4.500 
&5.G080 

ffiisool 

05.9270 
66.06.37 


66.. 3012 

66..3(i.59 
66.4.517 
66. .5241 

66!58.34 


Wave- 

Cor. 

Length  by 

from 

Formula 

Curve 

t.m. 

4480.77 

-57 

4482.85 

— o/ 

4484.09 

—0/ 

4486.71 

-50 

4487.91 

-56 

4490.26 

-.56 

4497.40 

—  00 

4.502.. 35 

-54 

4.503.00 

-54 

4506.70 

-53 

4507 '5.3 

-53 

4.509.05 

-53 

4.510.. 32 

-52 

4513.05 

-51 

4518.75 

-50 

4522.04 

-49 

4523.45 

-49 

4.531'.  57 

-47 

45,36.11 

-40 

4536.90 

-46 

4546'66 

-45 

4540.76 

-45 

4546.10 

-44 

4548! 02 

-43 

4549.56 

-43 

4552.54 

-41 

4555.50 

-41 

4555! 50 

-41 

4559.60 

-39 

4557.70 

-40 

4.500.61 

-.39 

45&3.79 

-38 

4505.79 

-.37 

4.566.. 30 

-37 

4570.40 

-36 

4.572 '.62 

-35 

4575.. 33 

-35 

4577.55 

-.34 

4580.50 

-.33 

4.582.77 

-.32 

4585.01 

-,31 

4580.. 30 

-,31 

4591.45 

-29 

4590 '.20 

-28 

4597.76 

-27 

4600.. 36 

-26 

4606 '.95 

-25 

4609 '..3I 

-24 

4010.69 

-24 

4012.50 

-23 

46i3!97 

-22 

Wave- 
Length 


t.m. 
4480.20 
4482.28 
4483.52 
4486.15 
4487., ^5 
4489.70 
4490.85 
4501.81 
4502. 4G 
4500.17 

4567.66 
4508.52 
4509.80 
4512, 52 
4518.25 
4521 . 55 
4522.96 

45,31.16 
4535.65 
4536.44 


4539., 55 
4.540, 31 
4545.66 

4547 '..59 
4549.13 
4552.13 
4555.09 

4.55,5.69 
45,59.21 
4557., ■» 
4560.22 
45&3.41 
4505.42 
4505.93 
4570.04 

4571.07 
4574.98 

4577.21 
4,580.17 
4582.45 
4584.70 
4.585.99 
4591.10 

4.595.98 
4.597.49 
4600.10 


4(J0i).O7 
4010.45 
4612.27 


Me.\n  Wave-Length 


Velocity 


Corrected 

for 
Velocity 


-22     4613.75 


t.m. 
80.27 
82.26 
83.49 
86.12 
87.27 
89.65 
90.82 
01.72 
02.38 
00.14 
04.13 
00.93 
08.49 
09.41 
12.49 
18.16 
21.52 
22.91 
28.50 
.31.18 
.35.09 
36.41 
37.23 
38.74 
.39.52 
40.36 
45.53 
46.61 
47.56 
49.22 
52.16 
55.15 
53.43 
55.15 
59.21 
57.27 
60.27 
&3.39 
65.56 
66.03 
70.39 
70.77 
71.64 
74.95 
76.78 
77., 32 
80.37 
82.42 
84.07 
85.90 
91.10 
94.15 
95.95 
97.40 
00.40 
05.55 
08.10 
(W.71 
08.16 
09.04 
10.42 
12.24 
12.90 
13.58 


+15 
+15 
+15 
+15 
+15 
+15 

15 
-15 
-15 
—  15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 

15 
-15 


4480.42 

4482.41 

4483.64 

4486.27 

4487.42 

4489.80 

4496.97 

4501.87 

4502.5 

4500.3 

4504.3 

4507.08 

4,508.04 

4509.56 

4,512.04 

4518.31 

4521.07 

4523.06 

4528.05 

4.5,31.43 

45,35.84 

4.5.36.6 

45.37.. 38 

4,538.89 

4539.7 

4540.51 

4545.68 

4546.76 

4.547.71 

4549.37 

4552.3 

4555.3 

4.553.58 

4555.3 

4.559.4 

4.557.42 

4560.42 

45&3.54 

4.565.71 

4.566.2 

4.570.5 

4.570.9 

4.571.79 

4575.10 

4.576.9 

4577.47 

4.580.. 52 

4582.57 

4.584.82 

4.586.1 

4591.25 

4594.. 30 

4.590.10 

4,597.01 

4(;00.61 

•1605.7 

4(;()8..3 

nui.m 

4(i08.3 
40Ot).19 
4610. 57 
4612.. 39 
4613.1 
4013.73 
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318  BIRMI^XiHAM—  Continued 


Plate  G  276 


Inten- 
sity 


5 
3-4 


5 
2-3 


3 
6 

'  k 

Comp 

10 


5-6 
1 


10 


Head 
i 


1 

1 

1-2 


nB 
nD 
nB 
nD 
nB 
nnD 


nB 
D 

wn  B 

lete   a 

wD 


nB 
nD 


nB 
nnD 
nnD 
nnD 
nnD 

nnb 

nb 
nD 
nD 
nB 
nD 
D 
nnD 

nn  b 

nnD 

nD 

nb 

wn  D 

nnD 

D 

nD 
nnD 


Mean 

Scale 

Reading 


53.3983 
53.3478 
53.2801 
53.2061 
53.1385 
53.0779 


52.4395 
52.3870 

52^3214 

bsorption 

48.8333 


48.7468 
48.6991 


48.5081 
48.47.36 
48.3766 
48.0661 
47.7955 
47.5756 

46 ! 2956 

46!i76i 

45.9228 
45.7775 
45.7108 
45.6461 

45.  sax) 

44.9356 

44^4424 
44.3110 
44.1501 

43! 5808 
42.9971 
42.8823 
42.6213 
41.9581 
40.8214 


Wave- 
Length  by 
Formula 


t.m. 
4614.81 
4616.06 
4617.73 
4619.56 
4621.23 
4622.74 


4a38.77 
4640.10 


4735.84 


4738.31 
4739.68 


4743.41 


4745.18 
4746.17 
4748.98 
4758.04 
4766.01 
4772.54 

48ii!58 

4815.32 
4823.29 
4827.89 
4830.02 
48.32.08 
4843.19 
4855.05 


4871 

,35 

4875 

74 

4881 

15 

4900.54 
4920.85 
4924.91 
4934.16 
4958.13 
5000.66 


+14 
+14 
+14 
+15 
+15 
+15 


+18 
+18 

+18 


+27 


-h27 
+27 

+27 


-h27 
-^27 
-1-27 
+21 
+21 
+27 

+26 

+26 
+26 

+25 
-1-25 
+25 
+24 
+23 

+21 
+21 
-1-20 

+17 
+14 
+14 

+12 
+  8 
+  1 


Wave- 
Length 


4614.95 
4616.20 
4617.87 
4619.71 
4621.38 
4622.89 


4&38.95 
4640.28 


4736.11 


4738.58 
4739.95 


4745.45 
4746.44 
4749.25 
4758.31 
4766.28 
4772.81 

48ii!84 

48i5'..58 
4823.55 
4828.14 
4830.27 
48.32.33 
4843.43 
4855.28 

487i!56 
4875.95 
4881.35 

4906' 7i 

4920.99 
4925.05 
4934.28 
4958.21 
5000.67 


10 
l-ts! 
Head 

4 

'2-3 
2 

"2 
4 
3 
3 


nB 
nD 
nB 
nD 

nnb 
nD 
nB 
nB 
nD 
from 

to 


to 

from 
4  nB 

to 
wD 
from 
to 

w  B 

nnD 

nD 

nnb 
nB 

nB 

nD 

nnD 

nnD 

nD 


nB 
D 

nD 
nnD 
nnD 
nnD 


Mean 

Scale 

Reading 


.7479 

.8206 


9471 
2030 
2736 
5707 
6277 
6610 


71.1830 
71.1830 
71.2102 

li.hiob 

71.3881 
71.3ia) 
71 . 4440 
71.4469 
71.4866 
71.5777 
71.8869 

72!36i9 
73.5757 

73! 6842 
73.7416 
73.9984 
74.1264 

74! 2666 


75.0324 

75.4577 

75!742i 
75.8584 
76.3069 
76.8594 


Wave- 
Length  by 
Formula 


t.m. 

4615.28 
4616.63 
4618.09 
4619.92 

4623! ii 
4629.60 
4631.40 
46.39.28 
4640.49 
4641.36 

4644 !i6 


4737.80 
47.37.80 
4738.64 

474i!56 
4743  83 
4741.50 
4745.40 
4745.55 
4746.72 
4749.39 
4758.54 

4772! 79 
4810.30 

48i.3!73 
4815.23 
4823.74 

4827.85 

4832!. 37 


4857.49 
4871.75 

4881 !4i 
4885.39 
4900.89 
4920.35 


+22 

-^22 
+21 
+21 

+26 
^18 
+18 
+16 
+16 
+15 

+14 

+  4 

+  ■4 
+  4 
+  4 

+  ■4 
+  5 
+  4 
+  5 
5 


t 


+  6 

+  7 

+  ■9 

+12 

+12 
+11 
+11 
+10 

+10 


+  6 

+  3 


+  1 

0 

-  3 


Wave- 
Length 


4615.06 
4616.41 
4617.88 
4619.71 

4622.91 
4629.42 
46,31.22 
4639.12 
4640. 33 
4641.21 

464,3!  96 

47,34.16 

47.37!  84 
47.37.84 
4738.68 

474i!54 
4743.88 
4741.54 
4745.45 
4745.60 
4746.78 
4749.45 
4758.61 

4772! 88 
4810.42 

48i3!85 
4815.34 
4823.85 
4827.95 

4832! 47 


48.57.55 
4871.78 

4881 ! 42 
4885.. 39 
4900.86 
4920.27 


Mean  W.\ve-Length 


Velocity 


15.00 
16.. 31 
17.88 
19.71 
21.41 
22.90 
29.39 
31.19 
39.04 
40.. 31 
41.18 
42.01 
43.93 

34.13 
36.14 
37.81 
.37.81 
38.63 
.39.98 
41.. 51 
43.78 
41., 51 
45.42 
45.53 
46.61 
49. 34 
.58.40 
66.31 
72.85 
10.39 
11.87 
13.82 
15.46 
23.70 
28.05 
30.. 30 
32.40 
43.46 
55.31 
57.52 
71.67 
75.98 
81., 39 
85., 36 
00.79 
20.62 


Corrected 

for 
Velocity 


+15 
+15 
+15 
+15 
+15 
+  15 
+15 
+15 
+15 
+15 
+15 
+15 
+15 

+16 
+16 
-hl6 
+16 
+16 
+16 
+16 
+16 
+16 
-j  16 
+16 
+16 
+16 
+16 
+16 
+16 
+16 
+16 
+16 
+16 
+16 
+16 
+  16 
+16 
+16 
+16 
+16 
+16 
+16 
fl6 
+16 
+16 
+16 


t.m. 
4615.15 
4616.46 
4618.03 
4619.86 
4621.56 
4623.05 
4629.. 54 
46.31.. 34 
46.39.19 
4640.46 
4641.3 
4642.16 
4644.1 

47.34.3 

47.36.30 

47.38.0 

47.38.0 

47.38.79 

4740.14 

4741.7 

4743.94 

4741.7 

4745.6 

4745.69 

4746.77 

4749., 50 

47,58.62 

4766.47 

4773.01 

4810.54 

4812.03 

4813.98 

4815.62 

4823.86 

4828.21 

48,30.46 

48,32.56 

4843.62 

4855.47 

48,57.68 

4871.83 

4876.14 

4881.. 55 

4885.52 

4900.95 

4920.78 
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318  BIRMINGHAM 


PL.iTE  G  2-.3 

Plate  G  284 

Plate  G  379 

1898,  December  26,  G.M.T.  2Hi7 

1899,  January  20,  G.M.T.  17M 

1900,  January  25,  G.M.T.  20D7 

Mean 
Wave-Length 

Hour  angle.  E  Oi.>.5 

Hour  angle  E  2ti7 

Hour  angle,  W  Odl 

Star  good;  comparisou  good 

Star  good ;  comparison  fair 

Star  fair ;  comparison  good 

In- 

Char- 

Mean 
Scale 

Wave-  1  5  0 
Leu!;th  ir-  1  Wave- 

In- 
ten- 
sity 

Char- 

Mean 
Scale 

>  u  c 

£■3 

In- 

Char- 

Mean 
Scale 

i5S 

>  SCO 

■;    § 

Cor. 
for 
V 

^  J 

ten- 
sity 

acter 

Read- 
ing 

by  For- 
mula 

Length 

acter 

Read- 
ing 

ij; 

o5 
0 

IJ 

sity 

acter 

Read- 
ing 

01  C 

=-| 

> 

mm. 

t.m. 

t.m. 

mm. 

t.m. 

t.m. 

mm. 

t.m. 

t.m. 

t.m. 

t.m. 

Spec 

begin    43.179 

.3165.9 

+Zl 

5166.1 

Begi 

ns 

44.895 

68.30 

+22 

68.52 

68  63 

+17 

5168.8 

n  H  l4.i.S612 

5169.92 

+24 

.5170.16 

wu  D    i.j.yaoo 

r.l72.W 

+24 

5172.88 

"i' 

"nb 

ii.'iiio 

73 'ii 

+21 

73:35 

73:46 

+i7 

5i73:63 

Mai 

H 

4i;.OI48 

3176.00 

-r2:j 

5L76.23 

.... 

wnU 

46.1881 

.3182.91 

+23 

.51&3.14 

nii'b 

iilsi-ii 

i3.'26 

+i8 

83:4i 

83:65 

+17 

5183:72 

from 

46.2380 

5184.90 

+22 

5185.12 

"1 

to 

46.39.'iO 

5191.10 

+22 

.3191.32 

"1 

"nb 

44!3792 

ssiiii 

+i6 

88:67 

88:78 

+17 

.5188:93 

nD 

46.4:i43 

5192.82 

+21 

5193.01 

"6 

wnD 

44! 2657 

93.66 

+15 

9.3:  i.5 

93:26 

+17 

5193:43 

( 

from 

46.4710 

3194.30 

+21 

5191.51 

^) 

to 

46.7090 

3201.00 

+20 

.5201.20 

"i' 

nijb 


iiioioT 

62!  76 

+ii 

02:87 

62:98 

+i7 

5263' i.5 

( 

from 

46. 72.% 

.3201.60 

+20 

5204.80 

( 

from 

43!9776 

M.aa 

+ii 

61:61 

64:72 

+17 

5261:9' 

D? 

^] 

4D 

43.9,520 

05.52 

+10 

05.62 

03.73 

tl? 

5205. 5K) 

I 

to 

46.8830 

.3211.10 

+19 

5211.29 

i 

to 

43.8070 

11.30 

+  8 

11.38 

11.49 

5211.7 

S-4 

nB 

46.936.5 

5213.28 

+19 

5213.47 

1 

nD 

47.0072 

.3216.20 

+18 

5216.38 

•i-'s 

niib 

43.'6873 

16:26 

+  '5 

16:25 

16:36 

+17 

5216:53 

Bl 

from 

47.0260 

.3217.00 

+18 

.5217.18 

to 

47.1980 

5224.10 

+16 

.3224.26 

4 

nD 
nB 

47.2453 
47.3310 

5226.07 
5229.65 

+16 
+16 

5226.23 
5229.81 

"s 

wii'b 

43.'4456 

26:67 

—  2 

26:^ 

26:16 

+17 

5226:33 

nnD 

47.4150 

5233.17 

+15 

.3233.32 

'2-3 

"iib 

43>2.3i3 

34:63 

-'9 

.33:94 

31:65 

+17 

5234:22 

wnB 

47.4868 

5236.19 

+15 

5236.34 

"2' 

"nb 

43!ii79 

.36:. 54 

-is 

39:41 

:»:,32 

+i7 

.3239:69 

"i' 

nnb 

47.'74i6 

.3246  !96 

+i4 

.3247.'i6 

3 

nD 

42.9.323 

47.27 

-19 

17,08 

47,17 

+17 

.5247.34 

2 

nuD 

47.83U 

.3250.91 

+13 

5251.01 

3 

nD 

42.8385 

51.19 

-20 

.50,99 

,511(1 

- 

l,s 

.5-51.28 

2 

nnD 

42.7.T)3 

.35.. 32 

—21 

55.31 

.5,7    I'J 

I.S  |.7'J.5.5  60 

5 

"nD 

48!2738 

.5269. si 

+16 

5269.9i 

5 

D 

12  .3943 

69.96 

-•23 

69,73 

iV,i.M 

l.s    .7^70.02 

nnB 

48.4968 

.3279.53 

+  8 

.3279.61 

2 

nB 

42  IK-S- 

79  62 

-2;j 

79,. 39 

7',i  .50 

IS    ,5279,68 

"o 

wnD 

48.8945 

5297.08 

+  5 

3297.13 

3 

1 

nD 
nnl) 

11    7M7 

11  i;:,'L' 

',17  70 

'i:  1.5 

-22 
-20 

97.48 
01.93 

97,59 
02,06 

+18 
+18 

5297.77 
.5302.24 

nil  B 

49!6576 

sioi.'se 

+■5 

.5.3di!4i 

2-3 

nn  1) 

11    V.ill'.l 

'||  7.5 

-20 

04. 53 

04.66 

+18 

.5301.84 

unD 

49.1196 

.5307.13 

+  4 

.5307.19 

2 

nnD 

4i.:,iii7 

(Hi. '.17 

-19 

06.78 

06.89 

+18 

5307.07 

"3 

nB 

49.2143 

5312.75 

+  4 

.5312.79 

3 

nB 

41.1U72 

12,87 

—18 

12,69 

12,80 

+18 

.5312.98 

3 

nnD 

49.2882 

5314.74 

+  4 

5314.78 

2 

nD 

11.3390 

15.01 

-18 

14,83 

11.94 

+18 

5315.12 

6 

wnB 

49.3J76 

.5.317.43 

+  4 

.5317.47 

6 

n  B 

41  3W3 

17.44 

-16 

17.28 

17.39 

+18 

5317.57 

2 

nD 

49.4102 

5320.26 

+  4 

.3320.  :io 

...... 

3 

nU 

49.3865 

3328.30 

+  4 

.5328. 31 

5 

11   ii^,.;] 

's  Vf 

-12 

28:41 

26:. 32 

+i8 

5328:70 

5 

nB 

49.720) 

.3;);«.45 

+  4 

.33.31  49 

Max 

1; 

I'l  ■'■,!  T 

:;i  14 

-11 

.34.03 

34.14 

+18 

.5334.32 

1 

nD 

49.7540 

53.5.99 

+  4 

5336.03 

1 
3 

nn  Li 
Ii 

41). .-..Til 

:y.  r,4 

-10 
-  8 

:i6..54 
38.76 

36.65 
:i8.87 

--18 
+18 
+18 

5336.83 
,5339,05 

"i' 

nnb 

49!8.54.5 

.3346'64 

+  ■4 

5340.68 

4 

nD 

40.7797 

41.03 

-  7 

40.96 

41.07 

5311.25 

wnD 

30.0278 

.5.348.68 

+  5 

5.318.73 

BJ 

from 

.50.0720 

.53.50.70 

+  5 

.5350.75 

to 

.30.2820 

5360.60 

+  6 

.3360.66 

nnD 

M.SllO 

.3302.10 

+  6 

.3.362.16 

T 

nnD 

50.3935 

53J5.83 

+  7 

.3363.92 

3 

"ii'b 
n  B 

40.'2327 
40.18.34 

66:i7 
68.37 

+'i 
+  2 

66:  is 
68.. 39 

66:29 
68,50 

■18 
-18 

.3:166:47 
5368.68 

"e' 

■■■  b 

fjo'.hm 

.iiii  .09 
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actor 

Mean 
Scale 
Read- 
ing 

£ 

eg 

a  a 

Cor. 
for 
V 

> 

2 

dD 
dqD 

nn  b 

DD  b 

ddD 
nn  D 
dqD 

End 

57.85^ 
58.(630 

38  .'3330 

.w.'iiie 

.M.  5.381 
.58.. 5988 
58.6318 

39.0336 

t.m. 
3783.37 
3796.96 

58i5.97 

5x->i."87 
5829.83 
5831.07 
5837.66 

386i!36 

+  7 

+  6 

+  5 

+  5 
+  5 
-(-  1 
+  i 

+•4 

t.m. 
5783. « 
5797.02 

me.irz 

5x21 !92 
.5829.88 
»34.11 
5837.70 

r 

1 

i' 

wnD 
niib 
nnb 

■nb 

mm. 
32.6312 

siiioBO 

32.ii26 
3i.'6693 

t.m. 
8t.22 

9S!96 

-11 
-is 
-ii 

-is 

t.m. 
84.11 

98.77 

is.  26 

48.  ie 

'.'.'.'.'.'. 

mm. 

t.m. 
..... 

t.m. 

t. 

84 
98 

is 

48 

22 
88 
37 

27 

+19 

+i9 

+i9 

+i9 

t.m. 
5784.  U 

5799' i' 

,5818!  5' 

5.848' 46 
5864. 

74  SCHJELLERUP 


1900,  February  1,  G.M.T.  17M.    Hour  angle,  W  IM 
Star  fair;  comparison  fair 


Inten- 
sity 


Max 
Max 


wnD 
nB 


nnD 
nnD 
nnD 

wn  D 

nnb 


wn  B 
nnb 

"b 

"  B 

wn  D 

from 
to 


Mean 

Scale 

Reading 


mm. 
58.2020 

57.7867 

57.1240 
56  4610 

56.0646 

55^3284 

54!6426 
54.2796 


53.9170 
5.3!  6900 
5.3!  0780 


Wave- 
Length  by 
Formula 


t.m. 
4395.10 


4409.00 
4415.40 
4428.10 

4135.90 

4456.56 


4464.39 
447i'.86 

4479.40 

4484.20 

4497.26 

.52.8146     4.502.80 
52.6540     4.50f3.3<J 


Cor. 
from 
Curve 


-31 
-.32 

-32 

-33 

-.33 

-.i3 
-33 


Wave- 
Length 


4394.89 
4402.64 


4408.76 
4415.15 
4427.82 

4435.62 

4456.26 


4404.08 
447i'.54 

4479.68 

4483.87 

4496.87 

4562.47 
4506.97 


1900,  March  7,  G.M.T.  1.5li3.    Hour  angle,  W  2l>3 
Star  fair;  comparison  fair 


In- 
ten- 
sity 

Char- 
acter 

wnD 

wnD 

b 

llmlls 

Unilts 

nnD 

wnD 

nnD 

3 

nnD 

nnD 

wn  D 

5 

n  B 

wnD 

nnD 

nnD 

nnD 

( 

from 

B 

( 

to 

Max 

"b 

1 

nnD 

"i 

nnb 

1 

nnD 

'i-2 

nnb 

1 

nD 

2 

nD 

1-2 

nnD 

B) 

from 
to 

2.-1 

nnD 

1 

nnD 

nnD 

1 

nnB 

12 

nD 

8 

nB 

Mean 

Scale 

Reading 


60.48&') 

a).i«ii) 

6().iis-j.-, 

fit)  rjiM 

60.U2'.«I 
.59.9480 
59.7610 
.59.4i:!0 
58.7(!a) 
58.&'?70 
58.:3620 
.57.7010 
57.0272 
.57.:?5G0 
57.1490 
,57.0-296 
56.9990 

56! 9146 

56^4026 
56.4(XX) 

56!i746 
56.0743 

55.8240 
.55.7(X)9 
.55.. 37.52 
.55.154:5 
.55.12.50 
.54.9.540 
.54.!t21.'. 
.54.7H!I(; 
54.(;7r,0 
'AAS'il 
.54.1082 
54.2459 


Wave- 

Cor. 

Length  by! 

from 

Formula 

Curve 

t.m. 
4.395.64 

-51 

441)1 .;» 

-51 

110:!.  19 

-.51 

l|iii;,40 

-51 

11111,20 

-51 

4  4(1."),  711 

-  .')1 

Wave- 
Length 


441  HI.  21 1 
441."). '.10 
44-28.40 
4431.01 
44:«5..31 
4449.46 
44.50.94 
44.56.40 
44(50.60 
44^3.07 
4463.70 

4465.46 

4474.86 
4476.00 

um.m 

4482.91 

4488.18 
4490.62 
4497.77 
4.5(J2..53 
4.503.10 
4r)00.80 
4.')07..59 
4.")  10. 46 
4.')12.iX) 
4.518.25 
4518.92 
4522.45 


t.m. 
4395.13 
4400.79 
4402.68 
4401.89 
4403.69 
4405  19 
440s.  (58 
4415.38 
4427.88 
4430.49 
44.35.79 
4448.95 
44.50.43 
44.55.89 
4460.09 
4462.56 
4463.19 

4464.89 

4474 '..36 
4475.50 


4480.. 30 
4482.42 


4487.69 
44!X).13 
4497.29 
4.502.05 
4.5(J2.a3 
4.506.. 33 
4.507.12 
4.509.99 
4.512.43 
4.517.79 
4.518.46 
4.521.9!) 


Wave-Lexgth 
from  G  391  only 


Velocity 


95.13 
00.79 
02.68 
01.89 
03.69 
05.19 
08.68 
15.38 
27.88 
30.49 
35.79 
48.95 
50.43 
55.89 
60.09 
62.. 56 
63.19 

64!  89 

74!. 36 
75.50 

86.36 
82.42 

87!  69 
90.13 
97.29 
02.05 
02. &3 
06.. 33 
07.12 
ffl.99 
.12.43 
17.79 
18.46 
21.99 


Velocity 


t.m. 
4.395.06 
4400.72 
4402.61 
4401.8 
4403.6 
44a5.12 
4408.61 
441 5.. 31 
4427.81 
44.30.42 
44.35.72 
4448.88 
4  4.50.. 35 
4455.81 
4460.01 
4462.48 
4463.1 

4464.8' 

4474.2' 
4475.42 

4486.22 
4482.. 34 

4487.61 

44!*).  05 

4497.21 

4501.97 

4.502.5 

4.506.3 

4507.04 

45(X).91 

4.512.4 

4.517.71 

451 8. 'W 

4.521.91 
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74  SCHJELLERUP— Continued 


Wave-Length 

PL.4TE  G  383 

Plate  G  391 

from  G  391  only 

[nten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrncted 

for 
Velocity 

1 

nnD 

51.8680 

t.m. 
4523.57 

-32 

t.m. 
4523.25 

2 

nnD 

54.1879 

t.m. 
4523.73 

-45 

t.m. 
4523.28 

t.m. 
23.28 

-  8 

t.m. 

4523.20 

0 

nnD 

54.0010 

4527.90 

-45 

4527.45 

27.45 

-  S 

4527.4 

1 

D 

51.6014 

4529.52 

-32 

4529.20 

1 

nnD 

53.8414 

4531.48 

-44 

4531.04 

31.04 

-  8 

4530.96 

nnD 

53.6220 

45.36.40 

-44 

4.5.35.96 

.35.96 

-  8 

4.5,35.9 

^! 

from 

51.2760 

45.36.90 

-31 

4536.59 

=  i 

from 

53.5910 

45.37.10 

-44 

4536.66 

36.66 

-  8 

45.36.6 

to 

51.1430 

45.39.90 

-31 

4539.59 

to 

53.4450 

4540.40 

-44 

4539.96 

39.96 

-  8 

45.39.9 

1-2 

nnD 

53.4177 

4541.08 

-43 

4.540.65 

40.65 

-  8 

4540.57 

( 

from 

53.1430 

4547.30 

-43 

4546.87 

46.87 

-  8 

4546.8 

Max 

R 

50.7896 

4547.94 

-30 

4547.64 

A 

1 

to 

53.0720 

4549.00 

-42 

4548.58 

48.58 

-  8 

4.548.5 

nnD 

50.5253 

4554.04 

-29 

4553.75 

wD 

52.8309 

4554.56 

-41 

4.554.15 

54.15 

-  8 

4554.07 

{ 

from 

52.7730 

4555.90 

-41 

4555.49 

55.49 

-  8 

4555.4 

Max 

B 

50.3232 

4558.74 

-29 

4558.45 

^] 

1 

to 

52.5770 

4.560.40 

-41 

4559.99 

59.99 

-  8 

4.559.9 

nnD 

52 . 5555 

4.560.97 

-41 

4560. 56 

60.56 

-  8 

4560.48 

nnD 

52.4284 

4.563.95 

-40 

4.563.55 

63.55 

-  8 

4.563.47 

1 

nD 

52.3319 

4566.22 

-40 

4565.82 

65.82 

-  8    4.565.74 

wnD 

49.7528 

4572.14 

-27 

4571.87 

nnD 

52.0960 

4571.80 

-.39 

4571.41 

71.41 

-  8    4571.3 

2 

TlD 

49.5500 

4576.97 

-26 

4576.71 

nnD 

51.8300 

4.578.10 

-.37 

4577.73 

77,73 

-  8 

4577.7 

nnD 

51.2670 

4591.70 

-.35 

4591.35 

91.35 

-  8 

4591.3 

nnD 

51.1280 

4595.12 

-.35 

4594.77 

94.77 

-  8 

4594.69 

4 

nB 

51.0594 

4596.78 

-.35 

4596.43 

96.23 

-  8 

4596.15 

2 

nB 

50.9218 

4600.17 

-.34 

4.599.83 

99.83 

-  8 

4599.75 

1 

nD 

50.8759 

4801.29 

-.34 

4600.95 

00.95 

-  8 

4600.86 

1 

nB 

50.8237 

4602.58 

-34 

4602.24 

02.24 

-  8 

4602.16 

wn  D 

48.3246 

4606.81 

-21 

4606.60 

8 

wnD 

50.&337 

4607  29 

-.33 

4606.96 

06.96 

-  8 

4606.88 

5 

wn  B 

50.5428 

4609.. 30 

-.32 

4608.98 

08.98 

-  8 

4608.90 

1 

nD 

50.4861 

4610.96 

-32 

4610.64 

10.64 

-  8 

4610.56 

2 

nnB 

48.1030 

4612.30 

-20 

4612.10 

2 

nD 

50.. 3577 

4614.17 

-32 

4613.85 

13.85 

-  8 

46i3.77 

2 

nnB 

47.9930 

4615.10 

-20 

4614.90 

6 

nB 

50.3072 

4615.43 

-.32 

4615.11 

15.  li 

-  8 

46i5  6.3 

3 

nD 

50.2564 

4616.71 

-.32 

4616.39 

16.39 

-  8 

4616.31 

8 

B 

47.8800 

4617.92 

-20 

4617.72 

10 

w  B 

50.1900 

4618.. 38 

-.31 

4618.07 

18.07 

-  8 

4617.99 

wn  D 

47.8031 

4619.86 

-19 

4619.67 

3 

nD 

50.1222 

4620.09 

-.31 

4619.78 

19.78 

-  8 

4619.70 

Max 

B 

TlD 

47.7.306 
47.6758 

4621.70 
4622.08 

-19 
-19 

4621.51 
4621.89 

5 

n  B 

50.0477 

4621.97 

-31 

4621.66 

21.66 

-  8 

4621.58 

1-?, 

nnD 

49.9884 

4623.47 

-.30 

4623.17 

23.17 

-  8 

462.3.69 

r 

from 

49.9680 

4624.00 

-30 

4623.70 

23.70 

-  8 

4623.6 

Max 

B 

47.6200 

4624.50 

-18 

4624.32 

A 

Max 

B 

47.5120 

4627.30 

-18 

4627.12 

A 

to 

49.7970 

4628.30 

-30 

4628.66 

28.00 

-  8 

4627,9 

nnD 

49.7.519 

4629.49 

-29 

4629.20 

29.20 

-  8 

4629.12 

Max 

B 

47.3525 

4631,32 

-18 

4631.14 

9 

nB 

49.6712 

4631.. 55 

-29 

46.31.26 

31.26 

-  8 

4a31.18 

1 

nnD 

49.5.357 

46.35.00 

-29 

4a34.71 

34.71 

-  8 

46.34.63 

1 

nnD 

49.4289 

4637.78 

-29 

4637.49 

37.49 

-  8 

4637.41 

5 

nn  B 

47.0662 

4638.69 

-17 

4&38.52 

7 

B 

49. 3664 

46.39. 39 

-28 

46.39.11 

39.11 

-  8 

4639.03 

nnD 

47.0072 

4640.22 

-17 

4640.05 

5 

D 

49.. 3100 

4641.12 

-28 

4640.84 

40.84 

-  8 

4640.76 

7 

wnB 

46.9237 

4642.38 

-17 

4642.21 

10 

B 

49.2.399 

4642.67 

-28 

4642.39 

42.39 

-  8 

4642.31 

Limits 

49.2850 

4641.. 50 

-28 

4641.22 

41.22 

-  8 

4641.1 

limits 

49.20.30 

4643.60 

-28 

4643.. 32 

43.32 

-  8 

4643.2 

wnD 

46.7670 

4646.50 

-16 

4640.34 

1 

nn  B 

48.8300 

4653.40 

-27 

4653. is 

53.13 

-  8 

4653.05 

wn  B 

46.3860 

4656.50 

-16 

4656.34 

wn  B 

46.0320 

4665.90 

-15 

4665.75 

1-2 

nB 

48.3704 

4665.57 

-25 

4665.32 

65.32 

-  8 

4665.24 

( 

from 

44.3100 

4713.30 

-20 

4713.10 

1 

to'" 
from 

ii'.igio 

44.1910 

4716.70 

-26 

-20 

4716.50 

wn  D 

46.5664 

4715.22 

-21 

47i5.6i 

15.01 

-  8 

4714.93 

■=i 

to     ' 

44 '.6266 

4721! 60 

-2i 

472i!39 

1-2 

nB 

46.3751 

4720.67 

-21 

4720.46 

20.46 

-  8 

4720.38 

nnD 

43.9790 

4722.80 

-21 

4722.59 

1 

nD 

46.2887 

4723.14 

-21 

4722.93 

22.93 

-  8 

4722.85 

1 

nnD 

46.0890 

4728.80 

-20 

4728.60 

28.60 

-  8 

4728.52 

nnD 

43.7280 

4730.00 

-23 

4729.77 

307 
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74  SCHJELLER  UP  —  Con  tin  iied 


Id  ten- 
sity 


wnD 
nn  B 


nnD 


nnD 


nnD 


nnD 
nnD 
from 
to 


Mean 

Scale 

Rcadiog 


43 
43 
43 
43. 

5460 
4610 
5025 
4117 

43. 

2249 

42! 

737i 

42! 

4i! 
41. 
41. 

26i6 

89i2 
7176 
6890 

4735.30 
4737.70 
4736.56 
4739  21 


Cor. 
from 
Curve 


4759.18 


4773.60 


4784.90 
4790.28 
4791.20 


Wave- 
LeDgth 


-29 


t.m. 
4735.06 
4737.46 
4736.32 
4738.96 


4773.28 


4784.56 
4789.92 
4790.84 


from 
to 

"  B 

from 

to 
D 

from 

to 

from 

to 

nnD 

f.om 

to 

nnD 

from 

to 

nnD 

from 

to 

nnD 

from 

to 

nnD 
nD 

from 

to 
nB 
nD 
nD 


Moaa 

Scale 

Reading 


mm. 
45.8880 
45.7790 

45 '7469 
45.7070 
45.()2:i() 
45.5tU0 
45.G178 
45.5043 
45.5043 
45.4^0 
45.382() 
45.2410 
45.a)80 
45.(K87 
45.01.W 
44.8210 
44.  SI  is;* 
44.7.S(K) 
44.6ir30 
44.5aT4 
44.5570 
44.4160 
44.2150 
44.0579 
44.0290 
43.83(X) 
43.6348 
43.4940 
43.3270 


Wavo- 

Cor. 

Leugth  by 

from 

Formula 

Curve 

t.m. 
4734.60 

-20 

4737.87 

-20 

47.38 ;  97 

-26 

47.39.90 

-20 

4742.40 

-20 

4744.12 

-20 

4742.56 

-20 

4745.90 

-19 

4745.90 

-19 

4748.90 

-19 

4749.50 

-19 

47.>3.GO 

-  19 

47.57.90 

-19 

4759.10 

-19 

4760.10 

-19 

4700.10 

-19 

i7t;(;.(;o 

-19 

47(;7.40 

-19 

4772.40 

-19 

4773.42 

-19 

4774.20 

-19 

4778.50 

-19 

4784.70 

-19 

4789.53 

-19 

4790.40 

-19 

4796.61 

-19 

4802.71 

-19 

4807.10 

-20 

4812.40 

-20 

Wavo- 
Length 


4734.40 
4737.67 

4738! 77 
4739.70 
4742.20 
4743.92 
4742.36 
4745.71 
4745.71 
4748.71 
4749.. 31 
4753.41 
4757 . 71 
4758.91 
4760.21 
4765.91 
4766.41 
4767.21 
4772.21 
4773.23 
4774.01 
4778.31 
4784.. 51 
4789.. 34 
4790.21 
4791),  12 
4S02..52 
480*5.90 
4812.20 


Wave-Lejjoth 
from  6  391  only 


Velocity 


t.m, 
34.39 
37.67 

38!  77 
39.70 
42.20 
43.92 
42.36 
45.71 
45.71 
48.71 
49.. 31 
53.41 
57.71 
58.91 
60.21 
G5.91 
(){;.41 
67.21 
72.21 
73.23 
74.01 
78.31 
84.51 
89.. 34 
90  21 
'.ir,,  12 

1 12 .  .')2 
06.90 
12.20 


Velocity 


t.m. 
47.34.3 
4737.6 

47.38!  69 

4739.6 

4742.1 

4743.84 

4742.3 

4715.6 

4745. G 

4748. G 

4749. 2;5 

47.>i.3 

4757.6 

47.58.83 

47G0.1 

47G5.8 

47(;().:i3 

4707.1 

4772.1 

4773.15 

4773.9 

4778.2 

4784.43 

47S!).2(; 

4790.1 

IT'.iO.;! 

•1S(I2.44 

4806.82 

4812.12 


74  SCHJELLERVP 


Plate  G  373 

1900.  Janoary  7.  G.M.T.  15t>0.    Hour  angle.  E  2bl           , 
Star  good ;  comparison  good 

Plate  G  3S6 

1900,  February  16.  O.M.T.  14V8.    Himr  aiiKle.  W  Oli:i 
Star  poor;  comparison  fair 

Mkan  Wave-Lenoth 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Lengtb  by 
Formula 

Cor. 
from 
Curve 

Wavo- 
Lcngth 

In- 
ten- 
sity 

Char- 
actor 

Mean 

Scale 

Reading 

Wave- 
Lnngth  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor,    Corrected 
for           for 
V         Velocity 

3 

( 

nD 

49.4.320 
40  '2160 

t.m. 
5173.44 
5182.20 

5i86!66 
5186.00 

5i9i!96 
5193.32 
5197.65 
52(B.10 

.52ii!66 
5212.70 

.5224!  70 

-16 
-17 

-VI 
-17 

-11 
-18 
-18 
-19 

-i9 
-19 

-26 

t.m. 
5173.28 
5182.03 

5i85!83 
5185.83 

5i9i!73 
51ft3.14 
5197.47 
5204.91 

52ii!4i 
5212.51 

5224 !56 
.5226.46 
5229.10 
52;«.58 

3-4 

D 

b? 

b? 
!d?? 

bV? 

bV? 

wnb 

mm. 
45.1046 

44!84i6 

44!72i6 
44! 6266 

44! 2126 

44!C686 
4.3!  8.320 

t.m. 
5173.79 

5i84!56 
5i89!56 

siftV.eo 
52i6!66 
52!i766 

522(5!  60 

-48 
-50 

-50 
-5i 

-52 

-53 
-54 

t.m 
5173 

31 

) 

t,m. 
73.. 30 
81.  &3 
84.20 
85.63 
85. &3 
89.20 
91.53 
93.12 
97.27 
04.71 
10.28 
11,21 
12,31 
16.67 
24. .30 
26.26 
28.90 
.33.38 

-  9 

-  9 

--1 

-  9 

-  9 

-  9 

-  9 

--1 

-  9 

-  9 

-  9 

-  9 

-  9 

-  9 

-  9 

t.m. 

.5173.21 
5181  7 

D   :;::!!::!:::: 

(     to           49  1240 

5184 

0( 

5184.11 
5185.5 

Co*.  I    from 

imX    to 

4           D 
Max         B 

49.1240 

48! 9780 
48.9444 
48.8394 
48.6610 

48.4780 

48!i9.Tf) 
48  1ltKI 

48.l«SfiO 
47.9820 

5i89 

a 

5ia5.5 
5189.11 
5!!I1.4 

5193 

05 

51ii:!.03 

51!I7.18 
5204. 0 

Dj 

to 
from 

to    ' 
wD 
from 
to 

5210 
52i6 

0« 
4- 

.5210.19 
5211.1 
.5212.2 
,5210.. 58 
.5224.2 

6-8 

.5226.66 
522t).30 
5233.78 

-20 
-20 
-20 

5226 

0( 

5220.17 
.5228.8 

52.3:{.;j 

3(18 
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nD 
n  B 

nn  D 

nn  B 
nD 
nD 

wnD 
nD 

nnD 
nD 

nnD 
nD 
nB 

nb 
nnD 
nB 
nD 
nD 

nb 
D 
nB 
nD 
nB 

nB 

D 

from 

to 

nD 

nD 

nB 

B 

nD 

nB 

nB 

nD 

nB 

nnD 

from 
to 
nD 
nD 
B 
nD 
from 
to 
nD 
nB 
nnD 
nD 
nB 
nnD 

nb 

nD 

nD 

n  B 

nnD 

wnD 

nB 

nD 

wn  D 


Scale 
Reading 


47.9641 
47.8913 
47.8283 
47.7130 
47.6561 
47.5628 
47.1322 
46.8311 
46.5147 
46.4096 
46.3064 
46.1307 
46.0765 

45!  836.3 
45.6677 
45.6254 
45.5680 
45.3895 

45.0436 
44  9377 
44.8721 
44.8173 
44.7632 

44^4953 
44.4056 
44.3790 
44.2480 
44.2273 
44.1450 
44.1064 
44.0135 
43.9562 
43.8945 
43.8128 
43.7561 
43.7176 
43.6727 

43^5696 
43.4420 
43.4057 
43.2348 
43  1981 
43.1647 
43.1480 
43.0650 
43.0384 
42.9469 
42.8981 
42.8307 
42  7858 
42.7422 

42^4573 
42.3813 

42.2922 
42.2556 
42.1895 
41.9690 
41 . 8372 
41.8017 
41.6950 


Wave- 

Cor. 

Leneth  by 

from 

Formula 

Curve 

t.m. 
5234.44 

-20 

5237.56 

-21 

5240.27 

-21 

5245.30 

-21 

5247.69 

-21 

5252.17 

-21 

5270.59 

—22 

5284.42 

_o2 

5298.21 

-22 

5.302.98 

—  22 

5307.68 

—22 

5315.73 

-22 

5318.22 

-22 

5329! 34 

-21 

5337.22 

-21 

5339.20 

-21 

5341.90 

-21 

5350.32 

-20 

5366! 84 

-19 

5371.94 

-19 

5375.11 

-19 

5377.77 

-19 

5380.39 

-18 

5393.49 

-is 

5397.92 

-17 

5399.30 

-17 

5405.80 

-17 

5406.75 

-17 

5410.85 

-16 

5412.78 

-16 

5417.43 

-16 

5420.31 

-16 

5423.42 

-15 

5427.54 

-15 

5430.42 

-15 

5432.59 

-15 

5434.66 

-15 

5439.66 

-15 

5446.50 

-14 

5448.34 

-14 

5457.16 

-14 

5459.07 

-14 

5460.81 

-14 

5461.80 

-14 

5466.60 

-14 

5467.40 

-14 

5472.20 

-13 

5474.76 

-13 

5478.32 

-13 

5480.68 

-13 

5483.00 

-13 

5498 !i9 

-is 

5502.28 

-13 

5507.08 

-12 

5509.06 

-12 

5512.64 

-12 

5524.68 

-12 

5531.92 

-12 

55a3.88 

-12 

5539.79 

-12 

Wave- 
Length 


5234.24 
5237.35 
5240.06 
5245.09 
5247.48 
5251.96 
5270.37 
5284.20 
5297.99 
5302.76 
5.307.46 
5315,51 
5318.00 

5329! 13 
5337.01 
5338.99 
5341.69 
5350.12 

5366^65 
5371.75 
5374.92 
5377.58 
5380.21 


5393 
5397, 
5599, 
5405. 
5406 
5410 
5412, 
5417, 
5420 
5423 
5427, 
5430, 
54.32, 
5434, 


5438, 
5446 
5448 
5457, 
5458 
5460 
5461. 
5466. 
5467. 
5472. 
5474. 
5478. 
5480. 
5482. 

5498 ! 
5502. 
.',"06 , 

.V.12, 
5524 . 
5531 , 
5533. 
5539. 


12 


2-3 


D? 
'  D? 

b? 

D? 
wnD 


nD 

nD 

nnD 

nb 

nnb 

wn  D 
nn  B 
nnD 

nnb 

nD 


nD 


nB 
nD 


nD 
nD 


nD 
nD 


wn  D 
n  B 


nnD 
nD 
nD 
nD 


nnD 
nD 


Mean 

Scale 

Reading 


mm. 
43.6420 

43! 4976 

43^3366 
43.2400 
42.8150 


41.8151 
41.7738 
41.7014 
41.5178 
41.3590 

4i!2588 

40 '8266 

46 '624.3 
40.5560 
40.5028 

40.3566 

46'i623 


39.8383 


39.7022 
39.6523 


39.3618 
39.2880 


39.0952 
38.9332 


38.7040 
38.6393 


38.4319 
38.2764 
.38.1497 
38.0748 


37.8800 
37.6637 


5234.70 

5240 166 

5247,96 
5252.10 
5270.70 


5315.81 
5.317.72 
5321.06 
5329.59 
5337.00 

534i!72 


5372.00 
5375.30 
5377.89 

5385 'i6 

5.397  !5i 


5417.44 
5419.95 


54.30.14 


54.34.67 
5438.44 


5448.34 
5456.73 


5468.70 
5472.08 


5483.03 
5491.31 
5498.10 
5502.13 


5512.70 
5524.48 


Wave- 
Lengtli 


5234.15 


5247.34 
5251.54 
5270.14 


5315.26 
5317.18 
5320.52 
5329.05 
5336.47 

ssii'ig 

536i!78 

5311 A9 
5374.79 
5377.38 

5.384  "59 

5397 '6i 


5416.95 
5419.36 


54.34.19 
5437.96 


5447.87 
5456.26 


5460.51 


5468.23 
5471.61 


5482,57 
5-101)  S," 
5-1 '.17  I'll 
.ViOl  ,|-,7 


5512.24 
5524.02 


5539.03 


Mean  Wave-Length 


Velocity 


t.m. 
34.04 
37.15 
40.21 
44.89 
47,41 
51.75 
70.26 
84,00 
97,79 
02,56 
07.26 
15.39 
17.59 
20.72 
29,09 
36.74 
38.79 
41.44 
49.92 
61.98 
66.45 
71.62 
74.86 
77.48 
80,01 
84.79 
93.11 
97.38 
98.93 
05.43 
06.38 
10.41 
12.42 
17.11 
19.76 
23.07 
27.19 
29.97 
32.24 
34.. 35 
38.16 
38.65 
46  16 
48.04 
56.64 
58.73 
60.59 
61.46 
66.26 
67.75 
71.87 
74.43 
77.99 
80.35 
82.74 
91,05 
'.17,85 
1)1.91 
06.76 
08.74 
12  38 
24.29 
31.60 
33.76 
39.35 


-  9 

-  9 

-  9 

-  9 

-  9 

-  9 


-  9 
9 
9 
9 

-  9 
9 
9 
9 
9 
9 
9 

-10 
-10 
-10 
-10 
-10 
-10 
-10 
-10 
-10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
■10 
10 
10 
■10 
■10 
■10 
-10 
•10 
10 


Velocity 


5233.95 

52.37.06 

5240.12 

5244.80 

5247.32 

5251.66 

5270.17 

5283.91 

5297.70 

5302.47 

5.307.17 

.5.315,30 

5,317.50 

5320.63 

5329.00 

5336.65 

5.338.70 

5341.35 

5349.83 

5361.89 

5366.35 

5371.52 

5374.76 

5377.38 

5379.91 

5384.69 

5393.01 

5397.28 

5398.8 

5405.3 

5406.28 

.5410.. 31 

5412,32 

5417.01 

5419.66 

5422.97 

5427.09 

5429.87 

54.32.14 

54.34.25 

5438.06 

5438.55 

5446,06 

5447.94 

.5456.54 

5458.63 

5460,49 

.5461.4 

5466.2 

5467.6 

5471.77 

5474,33 

5477.89 

5480.25 

5482.64 

5490.95 

5497.75 

5501.81 

5506.66 

5508,64 

5512.28 

5524,19 

55.31.50 

55.33.66 

5539.25 
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B 

nnD 

nB 

nl) 

B 

wn  D 

nnD 

"b 

B 

nD 

nD 

nB 

nnD 

nnD 


nD 
wn  D 
from 
o 

wD 


nD 
from 


nD 

"b 

wn  D 

B 

nnD 

nB 

B 

B 

wn  D 

B 

nD 

wn  B 

nD 

nB 

nb 


Mean 

Scale 

Reading 


mm. 
41.6172 
41.4658 
41.4.334 
41.4009 
41.2419 
41.2081 
41.1502 

46!96-25 
40.8559 
40.8231 
40.7252 
40.6685 
40.6351 
40.4658 


40.2844 
40.2078 
40.1750 
40.0810 
40.0467 
40.0051 


39.8922 
39.8720 


39.6670 
39.6549 


3863 
3469 
3071 
1803 
0737 
9700 
8886 
a399 
7990 
7682 


5946 


38.4744 


B  38 
nnD  38. 
nD  .38 
wn  D 
nnD 
from 
to 

from 
to 

nnD 
nD 


3920 
2WW 

8<>15 
7701 
8770 
Km 
Km 
5710 
4025 
1044 


Wavc- 

Cor. 

Leugth  by 

from 

Formula 

Curve 

t.m. 
5544.11 

-12 

5552.62 

-12 

5554.39 

-12 

5556.22 

-12 

5565.19 

-13 

5567.10 

-13 

5570.39 

-13 

5584155 

-i.3 

5587.24 

-13 

5589.13 

-13 

5594.79 

-13 

5598.08 

-14 

5600.02 

-14 

5609.91 

-14 

5620.66 

-is 

5625.13 

-15 

5627.09 

-15 

5632.70 

-15 

5634.73 

-15 

5637.22 

-16 

5644166 

-ie 

5645.30 

-16 

5657!64 

-i7 

5658.37 

-17 

5674! 83 

-is 

5677.29 

-18 

5679.72 

-18 

5087.59 

-19 

.5694.25 

-19 

5700.75 

-19 

5705.88 

-20 

5708.96 

-20 

5711.55 

-20 

.5713.50 

-20 

5717.87 

-20 

5721.92 

-20 

5724.57 

-20 

57.32.28 

-22 

.57.37  iei 

-22 

5744.48 

-22 

.5702.92 

-24 

.')772.13 

-24 

.5778.40 

-24 

5774.00 

-24 

.5782.50 

-25 

5782.50 

-25 

.5791.80 

-25 

57i)9.(J5 

-25 

5823.47 

-25 

Wave- 
Length 


mm. 
5543.99 
5552.50 
5554.27 
5556.10 
5565.06 
5566.97 
5570.26 

5584!42 
5587.11 
5589.00 
5594.66 
5597.94 
5599.88 
5609.77 


5620.45 
5624.98 
5626.94 
5632.55 
5634.58 
5637.06 


5643.84 
5645.14 

5657.47 
5658.20 

.5674.65 
5677.11 
.5079. ->4 

.5f;S7.4t» 

5«;ai.(« 

570(J.rjG 
.5705.  (» 
.5708.76 
5711..T> 
.571 3.  :U) 
5717.07 
5721.72 
5724.37 

57.32;  06 

57.37!. 39 
5744.26 
5762.68 
5771.89 
5778.16 
.5773.76 
5782.25 
5782.25 
5791.55 
5798.80 
5823.22 


3^ 
5 

Con,) 

10 

Head 
2 

1 
2 


nnB 

""  B 

"  B 
nD 

"b 

wD 

nB 

nD 

nnD 

wnB 

"nb 

from 

to 

nnD 
nnD 

from 

to 
wnD 

nB 
nD 
nB 
nD 

nnb 

nb 
wn  D 

nb 

nnb 
nB 

n  B 
nD 

nb 

wn  B 

nD 

from 

to 


nnD 
nnD 


Mean 

Scale 

Reading 


mm. 
37.3140 

37.i284 

36!  9.359 
36.9050 

36!  78.30 
36.6009 
36.5407 
36.5076 
36.4099 
36.3717 

36!i59i 
36.0070 
.35.8770 
.35.9767 
a5.8986 
.35.8710 
.35.7790 
.35.7430 
.35.7024 
.35.6791 
,35.65.55 
35.02:34 
35.5812 

35! 4822 

.%!. 3.38.3 
35.1.314 

.35!  04.36 

.34!  8822 
34.7734 

.34!  5880 
34.5358 

.34!  467.3 
.34.4006 
34.. 3.372 

.34!25i6 

34!i456 


.33.6910 
.33.5719 


Wave- 
Length  by 
Formula 


t.m. 

5543.80 

5554 !2i 

5565! 07 
5566.82 

.5.573.77 
5584.20 
5587.32 
5589.58 
5.595.24 
5597.45 

5609! 88 
.5618.90 
5026.50 
.5620.6:3 
.5625.26 
.5026.90 
.5a32.40 
5&34..50 
56:30.97 
5638.. 37 
5639.79 
5641.71 
5644.25 

5656! 24 

56.58.98 
5671.66 

5677! 07 

5687! 09 
5693.88 

5765! 54 
5708.84 

57i3!i8 
5717.43 
5721.47 

5727! 66 
5733! 86 


57&3.40 
5771.96 


Cor. 

from 
Curve 


-46 


49 
50 

-50 

.5i 
51 

52 
52 

-52 
-53 
-53 

-53 

-54 


Wave- 

Lcngth 


t.m. 

5543.34 

5553!75 

5564 !6i 
5566.36 

557.3  !.3i 
.5.58:3.74 
5.586.86 
5.589.14 
5.594.78 
5596.99 

5009 !4i 
5618.43 
.5626.02 
5020.15 
5624.78 
5026.42 
5631.92 
5634.02 
5636.49 
.5ft57.89 
.5639. 31 
5641.23 
5643.77 

5049! 75 

.5658!  49 
5671.16 

5676! 57 

.5686!  58 
5693.37 

.576.5!  62 
5708.32 

.57i2!66 
5716.90 
5720.94 

5726! 47 

5733! 26 


5762.84 
5771.40 


Mean  Wave-Lenoth 


Uncor- 
rected 

Cor. 
for 

Velocity 

V 

t.m. 

43.67 

-10 

52.. 30 

-10 

54.01 

-10 

55.90 

-10 

64. a3 

-10 

66.67 

-10 

70.00 

-10 

73.51 

-10 

84.08 

-10 

86.99 

-10 

89.07 

-10 

94.72 

-10 

97.47 

-10 

99.68 

-10 

09.59 

-10 

18.63 

-10 

20.22 

-10 

20.. 30 

-10 

24.88 

-10 

26.68 

-10 

32.24 

-10 

34. 30 

-10 

.36.78 

-10 

38.09 

-10 

.39.51 

-10 

41.43 

-10 

43.81 

-10 

44.94 

-10 

40.95 

-10 

57.27 

-10 

58.  :r) 

-10 

71.. 36 

-10 

74.45 

-10 

70.84 

-10 

79.. 34 

-10 

80.99 

-10 

93.72 

-10 

00.. 30 

-10 

05.. T> 

-10 

08.. 54 

-10 

11.15 

-10 

12.98 

-10 

17.29 

-10 

21.. 33 

-10 

24.17 

-10 

26.67 

-10 

31.86 

-10 

.33.46 

-10 

37.19 

-10 

44.06 

-10 

62.70 

-10 

71.69 

-10 

77.96 

-10 

73.50 

-10 

82.05 

-10 

82.05 

-10 

91.35 

-10 

98.00 

-10 

23.02 

-10 

Velocity 


5543.57 
5.-).-)2.20 
r).V):!.!ll 
.5.").V).,S0 

■5.-)(;4.7;{ 

5.")0t)..57 
5509.90 
.5573.41 
5.5a3.98 
5586.89 
.5.588.97 
.5.-)'.l.l,02 
.5;-,'.  17.. 37 
.5.">lt9..58 
5C)09.49 

51  as.  5 

,5020.1 

.5020.20 

,5024.78 

.5020.6 

.50:!2.1 

50.34.20 

.5(130.08 

nca7.99 

,50;!9.41 

5041.:« 

.5043.71 

5044 . 84 

,5649.85 

56.57.2 

5658.25 

5671.26 

.5674.. a5 

5670.74 

5079.24 

.5080.89 

.5093.02 

57a\20 

5705.25 

,5708.44 

,5711.05 

,5712.88 

,5717.19 

,5721.2.3 

.5724,07 

.5720.6 

.57.31.70 

.57.3.3.4 

.57.37.09 

.5743.90 

,5762.00 

,5771.. 59 

.5777.80 

.5773.5 

5782.0 

.5782.0 

.571)1.3 

.5798.. 50 

5822.92 
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Plate  (i  3H 

PL, 

TE  G  392 

1899,  October  4.  G.M.T 

20h±.    Hoi 

ir  ancle 

E3h± 

1900.  Marc 

h  21,  G.M.T 

18h±.    Hour  angle 

,  E  3h  ± 

Me.4n 

Wave-Length 

star  good;  comparison  excellent 

Star  excellent;  comparison  good 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

mm. 

t.m. 

t.m. 

1 

nnD 

mm. 
53.6860 

t.m. 
4,388.20 

-40 

t.m. 
4387.80 

t.m. 
87  60 

+  1 

t.m. 
4.387.6 

2 

D 

,53.5655 

4390.41 

-40 

4,390.01 

89.81 

+  1 

4.389.82 

wnD 

61.6970 

4.395.00 

+29 

4.395.29 

8 

wD 

53., 30,33 

4.395.. 30 

-42 
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Spec.  ) 

to 

2  3 

nB 

10 

wn  D 

Head 

f 

from 

Max   1 

B 

1 

to 

2-3 

nD 

nnD 

1-2 

nnD 

Max 

B 

limits  1 

wnD 

1 

nD 

Ma.x 

B 

"i 

nb 

'  i 

nnb 

2-3 

nD 

=  1 

from 
to 

Max 

B 

2 

nnD 

'i-2 

nb 

3 

wn  B 

3 

D 

1 

nnb 

1-2 

nnD 

"i 

nnb 

1-2 

B 

2 

nD 

1-2 

nD 

1-2 

nB 

3 

nD 

1 

n  B 

nnD 

nnD 

"i 

nnb 

2-3 

nnD 

1 

nD 

nnD 

nnD 

Moan 

Scale 

Reading 


47.2070 
47.0650 
47.1801 
47.0048 


46.9490 
46.9490 
46.9200 

46 !  5.340 
46.5063 
46.2660 
46.0522 
45.9850 
46.0190 
45.8670 
45.6792 
45.5138 
45.3270 

44 '.9803 

44'8iii 
44.6939 
44.6730 
44.4730 
44.6003 
44.4450 

44!.3i8i 
44.2406 
44.1856 


43.5980 
43.4935 


43.1985 
43.0744 
43.02.38 
42.9047 
42.7844 
42.72.54 
42.6705 
42.. 5963 
42.4570 

42' 1798 
41.6290 
41.4997 
41.2.5.3(J 
40.6280 


Wave- 

Cor. 

Lencth  by 

from 

Formula 

Curve 

t.m. 
4737.20 

+77 

4711.. 30 

+ri 

47.37.99 

+77 

4743.20 

-h77 

4744.80 

+78 

4744.80 

+78 

4745.72 

+78 

4757'.  30 

+80 

4758.16 

+80 

4765.40 

+81 

4772.04 

+81 

4774.10 

+81 

4773.00 

+81 

4777.70 

+82 

4783.60 

+82 

4788.78 

+82 

4794.65 

+82 

4805.68 

+82 

4811.11 

+82 

4814.89 

+82 

4815.50 

+82 

4822.00 

+81 

4817.92 

+82 

4822.98 

+81 

4827.13 

+81 

4829.67 

+81 

4831.48 

+81 

4851.04 

+78 

4854.57 

+78 

4864 '59 

+76 

4868.84 

+76 

4870.58 

— 75 

4874.68 

--74 

4878.85 

--74 

4880.89 

--7.3 

4882.81 

--7.3 

4885.39 

--73 

4890.20 

+72 

4966! 06 

+69 

4919.82 

+66 

4924.. 52 

+60 

49.33.. 50 

+63 

4956.80 

+58 

Wave- 
Length 


t.m. 
4737.97 

4742.07 
47.38.76 
4743.97 


4745.58 
4745.58 
4746.50 

4758'.  io 
4758.96 
4766.21 
4772.85 
4774.91 
4773.81 
4778.52 
4784.42 
4789.60 
4795.47 

4866.56 

48ii'.9.3 
4815.71 
4816.32 

4822.81 
4818.74 
4823.79 

4827.94 
48.30.48 
4832.29 


4851.82 
4855 . 35 


4865.35 
48(59.60 
4871.. 33 
4875.42 
4879.59 
4881.62 
48a3.54 
4886.12 
4890.92 

4966'.  75 
4920.48 
4925.17 
49.34.13 
4957.. 38 


In- 
ten- 
sity 

Char- 
acter 

Con.   \ 

from 

%et.. ! 

to 

•t 

B 

10 

D 

Limits 

Limits 

Head 

'i 

nb 

wnb 

1 

nD 

1-2 

nD 

2 

nB 

2 

nb 

1 

nD 

Max 

B 

Max 

B 

2 

nnD 

1 

nB 

nnD 

3 

vvnD 

B| 

from 
to 

Max 

B 

nnD 

4 

nB 

3 

nnD 

4 

B 

6 

D 

1 

nnB 

2 

nB 

1 

nD 

1 

nD 

2 

nB 

1 

nnD 

2 

nn  B 

nnD 

.3-4 

nb 

1-2 

nD 

.3 

"b 

'3' 

nnB 

nnD 

nnD 

'i 

nD 

Mean 

Scale 

Reading 


.38.61.30 
38.46.30 
.38.57.50 
38.4079 
38.4630 
38.. 35.35 
38.3535 


38.2025 

.37 '9629 
37.6422 
37.4554 
37.3635 


37.0603 
,36.8884 
36.7042 
36.4873 
36. 3.357 
.36.2005 
36.1672 
.36-0481 
.36.01.30 
.3').  Ill  70 
35.',Uoo 
a5.»U40 
35.7.3.35 
35.6665 
35.5994 
a5.5:U5 
35.1417 
34.9891 
34.9514 
.34.8.315 
.34.7751 
.34.7088 
.34.66.51 
34.5475 

34'.364i 
34.2493 


.33.. 5729 
a3.4iHHI 
32.9357 


Wave- 

Cor. 

Length  by 

from 

Curve 

t.m. 
47,38.30 

-34 

4742.70 

-.33 

47.39,44 

-34 

4744.34 

-.33 

4742.70 

-33 

4745.94 

-33 

4745.94 

-33 

47.56^46 

-32 

4759.31 

-.3I 

4767.15 

-30 

4772.80 

-29 

4775.60 

-29 

4784! 89 

-28 

4790.19 

-27 

4795.92 

-27 

4802.71 

-26 

4807.48 

-25 

4811.77 

-25 

4812.83 

-25 

4816.62 

-25 

l'^17.70 

-25 

IsiiO.SO 

-25 

1S-J0.08 

-25 

4824.45 

-25 

4826.72 

-25 

4828.89 

-25 

48,31.06 

-25 

48.33.12 

-25 

4846.02 

-25 

4851.07 

-25 

4852.32 

-25 

4856.31 

-25 

4858.19 

-25 

4860.42 

-25 

4861.88 

-25 

4865.83 

-26 

4872 '.6,3 

-26 

4875.93 

-27 

4882 '.62 

-27 

4899 ; 27 

-29 

4902.17 

-29 

4921.79 

-32 

4934 '.33 

-,34 

Wave- 
Length 


47,37.96 
4742.. 37 
47.39.10 
4744.01 
4742.37 
4745.61 
4745.61 


47.50.08 

47,59!  66 

4766.85 
4772.51 
4775.31 


4784.61 
4789.92 
4795.65 
4802.45 
4807.23 
4811.52 
4812.58 
4816.37 
4817.45 
4820.55 
4819.83 
4824.20 
4826.47 
4828.64 
48.30.81 
48,32.87 
4845.77 
4,8,50.82 
4852.07 
4856.06 
4857.94 
4860.17 
4861.63 
4865.57 

4871! 77 
4875.66 

4881!  7,5 


4901.88 
4921.47 


49.33.99 


Mean  Wave-Length 


Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

t. 
.37 

97 

+  2 

42 

22 

+  2 

38 

93 

+  2 

43.99 

+  2 

42 

17 

+  2 

45 

41 

+  2 

45 

41 

+  2 

45 

78 

+  2 

46 

70 

+  2 

49 

88 

+  2 

58 

■M 

+  2 

58 

98 

+  2 

66 

53 

+  2 

72 

68 

+  2 

75 

11 

+  2 

74.01 

+  2 

78 

72 

+  2 

84 

52 

+  2 

89 

76 

+  2 

95 

56 

+  2 

02 

25 

+  2 

06 

8/ 

+  2 

11 

32 

+  2 

12 

26 

+  2 

16.04 

+  2 

16.89 

+  2 

21 

68 

+  2 

19.29 

+  2 

24.00 

+  2 

26 

27 

+  2 

28 

29 

+  2 

,30.64 

+  2 

,32 

59 

+  2 

4b 

.57 

+  2 

50.62 

+  2 

51 

95 

+  2 

.55 

71 

+  2 

57 

74 

+  2 

59 

97 

+  2 

61 

43 

+  2 

65 

46 

+  2 

69 

80 

+  2 

71 

55 

+  2 

75.54 

+  2 

79 

79 

+  2 

81 

69 

+  2 

83 

74 

+  2 

86 

32 

+  2 

91 

12 

+  2 

98 

78 

+  2 

01 

32 

+  2 

20.98 

+  2 

25.37 

+  2 

a3 

79 

+  2 

57.58 

+  2 

Velocity 


47,38.0 

4742.2 

47,38.95 

4744.01 

4742.2 

4745.4 

4745.43 

4745.8 

4746.72 

4749.90 

47.58.3 

4759.00 

4766.55 

4772.70 

4775.13 

4774.0 

4778.7 

4784.54 

4789.78 

4795.  ,58 

4802.27 

4806.89 

4811.. 34 

4812.28 

4816.06 

4816.9 

4821.7 

4819.31 

4824.02 

4826.29 

4828.31 

48.30.66 

48.32.61 

4845., 59 

4850.64 

48,51.97 

48,55.73 

4857.76 

48,59.99 

4861.45 

4865.48 

4869.82 

4871.57 

4875., 56 

4879.81 

4881.71 

4883.76 

4886., 34 

4891.14 

4898.80 

4901.. 34 

4921.00 

4925.39 

49.33.81 

4957.60 
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78  SCHJELLERUP 


Plate  G  30O 

,  March  6,  G.M.T.  14M.    Hour  angle,  W  2M» 
Star  good ;  comparison  good 


Tntcn- 

Char- 

siiy 

acter 

h' 

wnb 

1 

nD 

1 

nD 

3 

nD 

2 

nD 

"2" 

nil  B 

1-2 

nD 

9 

wn  D 

6 

nD 

6 

nD 

4 

wn  D 

1 

nnD 

3 

nD 

2 

nnB 

1 

nnD 

4 

nD 

2 

nD 

3 

nnB 

1 

nnD 

3 

nB 

3 

nD 

6 

nB 

nnD 

5 

nD 

5 

wn  B 

2 

nD 

0 

wnB 

2 

D 

2^3 

n'b 

linb 

3 

nB 

6 

D 

7 

B 

2 

nD 

9 

wnB 

wnD 

'9' 

wnD 

2 

nnD 

1 

nD 

7-8 

nB 

3 

nD 

2 

nB 

3 

nD 

2 

nD 

( 

from 

B 

to 

9 

nD 

Max 

■  B 

i-2 

nb 

1-2 

nD 

2 

nD 

2 

nB 

i 

nb 

3^4 

nb 

Mean 

Scale 

Reading 


48.4927 
48.2176 
48.08.36 

47.9884 
47.6671 

47! 4602 
47.4002 
47.1690 
46.9S88 
46.tVJ77 
46 .  .56.57 
46.47(/2 
46.1146 
45.8969 
45.8019 
45.4899 
45.3846 
45.3227 
45.2647 
45.i:{80 
45.0951 
45.0111 
44  9791 
44.79.!3 
44.6603 
44.61.37 
44.5(i33 
44.5122 

44 "3313 

4.3;97i8 
43.9193 
43.8618 
43.7877 
43.7409 
43.6727 
43.5840 

4.3!. 3.332 
43.0561 
42.9725 
i2.91.'i9 
42.8416 
42.79:58 
42.f>188 
42  .56.33 
42.4610 

42.3316 
42.2944 

42!2328 

42!ii7.5 

42  o'jra* 

41,89.'ifJ 
41.8064 


41.5984 
41. im! 


Wavo- 

Cor. 

Leuglh  by 

from 

Formula 

Curve 

t.m. 

5173.43 

-47 

5184.30 

-52 

5189. 6;^ 

-54 

5193.44 

-56 

5206.38 

-62 

s-iiilso 

-66 

5217.26 

-67 

5226.76 

-70 

52.34.23 

-74 

5248.07 

-79 

52.51.95 

-80 

5255.99 

-82 

5271.17 

-86 

5280.56 

-89 

5284.56 

-89 

5298.. 34 

-92 

5:502.98 

-92 

5305.72 

-93 

5:508.29 

-93 

5:513.93 

-93 

5315.85 

-93 

5318.26 

-93 

.5.321.04 

-93 

5:529.42 

-92 

5.3.35.45 

-91 

5.3:37.57 

-91 

5-5.39.86 

-90 

5342.20 

-90 

5,356!  50 

-86 

5.367.18 

-79 

5369.63 

-78 

5:572.  :53 

-76 

5:575.82 

-74 

5.378.02 

-73 

5381.24 

-70 

5385.44 

-65 

5397.40 

-59 

5410.76 

-52 

5414.82 

-50 

5417.67 

-48 

.5421.20 

-40 

5423.50 

-45 

54:50.67 

-42 

5434.89 

-40 

544(J.OO 

-38 

5446! 30 

-36 

5448.25 

-35 

545i!3i 

-34 

.54.57!  ii 

-32 

5161. 3<5 

-.31 

.54(i8.50 

-30 

5472.84 

-29 

5183! 57 

-27 

5198! 69 

-25 

Wave- 
Length 


t.m. 

5i72!96 
5ia3.78 
5189.09 
5192.88 
5205.76 

5214 !i4 
5216.59 
5226.06 
52.33.49 
5247.28 
5251.15 
5255.17 
5270.31 
5279.67 
52a3.67 
5297.42 
5302.06 
5304.79 
5.307.36 
5313.00 
5314.92 
5.317.33 
5320.11 
5328.50 
5^34.54 
5336.66 
5338.96 
5341.30 

5349! 64 

5366!. 39 
5368.85 
5.371.57 
5375.08 
5377.30 
5380.54 
5384.79 

5.396!  si 
5410.24 
5414  32 
5417.19 
5420.74 
5423.  C6 
54:50.25 
54.34.49 
54.39.62 

5445! 94 
5447.90 

545i!66 

54.56!  82 
5461.06 
5468.20 
5472.55 


54&3.30 

5-198!  44 


Pl.\te  G  381 

1900,  February  9.  G.M.T.  18*1.     Hour  angle,  W  2M 
Star  good ;  comparison  good 


2-3 
3 

2-3 

Mai 

8 

B 


nn  D 
nD 
nD 

wn  D 

wnD 

nb 
wn  D 
nnD 

nD 
nnD 

nb 

nnb 
wnD 


nB 
nD 
nB 

nnb 

nB 

nnD 

nB 

nn  D 

nn  B 

wnD 

nB 

nnD 

nb 

nB 

nD 

wn  B 

nnb 
wn  D 
nnD 

iiB 
nD 

nb 


nD 

from 

to  " 
nnD 
nn  D 
wnD 

linb 
nnD 
nn  D 
from 


to 


Mean 

Scale 

Beading 


47.8443 
47.6098 
47.. 3500 


47.1157 
46! 7480 


46.5500 
46.3139 
46.1290 
45.8192 
45.7209 


48.2825 


45.0008 
44.6710 


44.. 3315 
44.2847 
44.2285 

4.3!  9746 
43.8491 
43.8101 
43.7622 
43.7(Xi5 
43.6452 
43.. 54:57 
43.48:53 
43.1809 

4.3!  0726 
43.0051 
42.9.5.39 
42.89,34 

42! 6847 
42.5508 
42.2907 

42!i.37:3 
42.078<J 

4i!8787 


41.6.340 

4i!54i,5 
41.5070 

4i!.3886 
41  .3,565 
41.2772 
41.1.319 

4i!  61.3.5 
40.9408 
40.8.503 
40.. 5890 


40.4560 


Wave- 
Length  by 
Formula 


5164.72 
5174.04 
5184.50 


5193.96 
5269!66 


5217.20 
5227.08 
5234.90 
5248.03 
5252.24 


5271.23 


52a3.60 
5298.26 


5305.56 

.5.31.3!  55 
.5.315.68 
5318.24 


5.329.89 
53.3,5 .  65 
:5.3.37.45 
,5.3.39.67 
.5.342.26 
5.345.11 
.5.349.88 
.5.3.52.69 
5.366.98 

5.372  !l4 
.5.375.. 36 
5377.82 
5380.73 


5,390.81 
5:397.-32 
5410.08 

.54l7!66 
5420.61 


5430.57 


5447.62 
5449.36 


54.55.44 
.54.57.07 
.5461.14 
5468.65 

5474! 86 

5478.59 
5483. 33 
5497.10 

5564!26 


Cor. 
from 
Curve 


-48 

-48 
-49 
-49 
-49 
-49 

-48 

-47 
-47 


-46 
-46 
-45 

-44 
-44 
-44 
-43 
-43 
-43 
-42 
-42 
-40 

-.39 
-.39 
-:59 
-38 

-.37 
-:36 
-35 

-34 
-.31 

-33 


Wavo- 
Length 


5164.. 30 
5173.60 
5184.05 


5193.49 


5208.52 

5216! 72 
5226.. 59 
.52;U.41 
5247.54 
5251.75 


5270.75 


52a3.13 
5297.79 


5313.09 
5315.22 
5317.79 

5.326!  45 
5.3:55.21 
5:5:57.01 
5:5:59.24 
5:511.83 
5:514.68 
5:  (49. 46 
.5:552.27 
5366.58 

.5.37l!75 
.5:574.97 
5.377.43 
5380.. 35 

539(')!44 
5396.96 
5409.73 

.54l7!.32 
5420.27 

5436!  24 


5442.58 

5447!. 36 
5449.04 

.54.55!  1.3 
54.56.76 
.5460.  a3 
.5468.. 35 

.5474!  56 
.5478.29 
.54a3.(J3 
519(5.81 


-29     5503.91 


Me.\n  W^ve-Lenqth 


Velocity 


64.24 
73.28 
83.92 
89.15 
93.19 
05.82 
08.46 
14.20 
16.66 
26.:i3 
:i5.95 
47.41 
51.45 
55.23 
70., 53 
79.73 
83.41 
97.61 
02.12 
04.95 
07.42 
13.  (f) 
15.07 
17.56 
20.17 
28.98 
.34.88 
:36,84 
.39.10 
41.. 57 
44.62 
49.. 55 
52.21 
66.49 
68.91 
71.66 
75.03 
77.:36 
80.45 
84.85 
90. ,38 
96.89 
09.99 
14.. 38 
17.26 
20.. 51 
23.11 
30.25 
.34  .55 
.39.68 
42.52 
46.00 
47.60 
48.98 
.51.06 
.55.07 
56.79 
60.94 
68.28 
72  61 
74.44 
78.2:5 
a3.17 
!J(5.75 
98.20 
03.85 


+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
-1-2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
-^2 
+2 
+2 
+2 
f  ** 
+2 
-1-2 
+2 
+2 
+2 
+2 
+2 
--2 
--2 
-2 
-2 
-2 
+2 
+2 
-f2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+2 
+  2 
+2 
+2 
+2 


Velocity 


5164.26 

5173.  :50 

5ia3.94 

,5189.17 

.519:5.21 

5105.84 

5208.48 

5214.22 

5216.68 

.5226.. 35 

52,3:5.97 

5247.43 

5251.47 

5255.25 

5270.. 55 

5279.75 

.52a3.43 

5297.6:3 

.5.302.14 

5304.97 

.5.307.44 

,5313.07 

.5315.09 

5,317.58 

.5320.19 

5.329.00 

5334.90 

5336.86 

5339.12 

.5341.. 59 

.5;544.64 

.5:549.. 57 

5-5.52.23 

5.-5()6..51 

.5.368.93 

.5.371.68 

.5:575.05 

.5:577.. 38 

5380.47 

5384.87 

.5:590.40 

5:596.91 

.5410.01 

.5414.40 

5417.28 

.5420.53 

.5423.13 

.54,30.27 

.54,-54.57 

.54.39.7 

5442.. 54 

.5446.0 

.5447.62 

.5449.0 

.5451.  (>8 

.54.55.1 

.5456.81 

,54«).96 

,54(W..-i0 

.5472.03 

.5474.46 

.5478.25 

.54a3.19 

.5196.8 

.5498.22 

5503.9 
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78  SCHJELLERUP—Contmued 


Plate  G  300 

PL 

VTE  G  384 

Mean  Wave-Length 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 

for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

3 

nB 

41.0955 

t.m. 
5509.74 

-23 

t.m. 
5509.51 

mm. 

t.m. 

t.m. 

t.m. 

09.57 

+  2 

t.m. 

5509.59 

3 

nD 

41.0i22 

."1512.55 

-23 

5512.32 

nnD 

40.2948 

5512.81 

-29 

5512.52 

12.42 

+  2 

5512.44 

1-2 

nnD 

4l).7!l(j(; 

.-)525.56 

—  22 

5525.34 

wnD 

40.0551 

5525.80 

-28 

5525.52 

25.43 

+  2 

5525.45 

1 

nnD 

40.0240 

5534.76 

—22 

5534.54 

34.60 

+  2 

55.34.62 

1 

B 

39.8639 

5536.17 

-28 

5.5.35.89 

.35.83 

+  ^ 

5535.85 

8 

wD 

40.5270 

5540.00 

-22 

5539.78 

6-8 

D 

39.8020 

5539.56 

-28 

55.39.28 

39.53 

+  2 

5.5.39.55 

Bi 

from 

40.4820 

5542.40 

—22 

5542.18 

M 

from 

39.7530 

5542.30 

-28 

5542.02 

42.10 

+  '-2 

5542.1 

so 

40.3890 

5547.50 

-22 

5547.28 

to 

39.6560 

5547.60 

-28 

5547.32 

47.30 

+  2 

.5547.3 

2 

nD 

40.3678 

5548.61 

—22 

5548.39 

1 

nD 

39.6299 

5549.05 

-28 

5.548 .  77 

48.58 

+  2 

5548.60 

1 

nD 

40.2939 

5552.62 

-22 

5552.40 

0-1 

nnD 

39.5&35 

5552.73 

-28 

5552 . 45 

52.43 

+  2 

5552 . 45 

1 

nD 

40.2238 

5556.44 

-22 

5556.22 

0-1 

nnD 

39.4905 

5556.78 

-28 

5556.50 

56.36 

+  2 

.5556.. 38 

nD 

40.1000 

5563.20 

-22 

5562.98 

0-1 

nnD 

.39.3853 

5562.65 

-28 

5562.37 

62.68 

+  2 

5562.70 

1-2 

nD 

40.0241 

5567.39 

-22 

5567.17 

1 

nD 

39.2985 

5567.52 

-28 

5567.24 

67.21 

+  2 

5567.23 

1 

nD 

39.9680 

5570.50 

-22 

5570.28 



70.34 

+  2 

5570.36 

f 

from 

39.1860 

5573.90 

-28 

5573.62 

73.56 

+  2 

5573.6 

1 

nD 

39.8936 

5574.59 

-22 

5574.37 

T) 

74  43 

+  2 

5574 . 45 

Max 

D 

39.7204 

5584.21 

-22 

5583.99 

(^) 

D 

39.0016 

5584.29 

-28 

5584.01 

84.00 

+  2 

5584.02 

1 

to 

38.9680 

5586.20 

-28 

5585.92 

85.84 

+  2 

5585.9 

Head 

39.6840 

5586.22 

-22 

5586.00 

HKtd 

.38.9670 

5586.30 

-28 

5586.02 

86.01 

+  2 

5586.03 

3 

B 

39.6628 

5587.43 

-22 

5587.21 

3 

B 

.38.94.56 

5587.48 

-28 

5587.20 

87.21 

+  2 

5587.23 

1 

nnD 

39.6240 

5589.61 

-22 

5589.39 

1 

nD 

38.9122 

5589.38 

-28 

5589.10 

89.25 

+  2 

5589.27 

2-3 

nB 

39.5700 

5592.63 

-23 

5592.40 

3 

n  R 

,38.8661 

5592.03 

-28 

5.591.75 

92.08 

+  2 

5592.10 

2 

nD 

39.5227 

5595.29 

-23 

5595.06 

2 

nD 

38.8111 

5595.18 

-28 

5594.90 

94.96 

+  2 

5594.98 

4 

B 

39.4770 

5597.87 

-23 

5597.64 

3 

B 

.38.7651 

5597.82 

-28 

5597.54 

97.59 

+  2 

5597.61 

1 

nnD 

39.42(J6 

5601.05 

-24 

5600.81 

1-2 

nnD 

38.7239 

5600.19 

-28 

5599.91 

00.. 36 

+  2 

5600.38 

( 

rom 

39.3020 

5607.80 

-24 

5607.56 

07.62 

+  2 

5607.6 

i) 

nnD 

38.5591 

5609.72 

-28 

5609.44 

09.. 50 

+  2 

5609.52 

;o 

.39.22:k) 

.5612.30 

-24 

5612.06 

12.12 

+  2 

5612.1 

rem 

:;:•  umi 

.".iil8.80 

-25 

5618.55 

18.61 

+  2 

5618.6 

Max 

D 

:;'.i  1 1-^:;^ 

:.i;2o.23 

-25 

5619.98 

2 

nD 

38.3739 

5620.51 

-28 

5620.33 

20.16 

+  2 

5620.18 

Max 

D 

lis  '.i; II  m 

.-.(;25.60 

-25 

5625.35 

nnD 

38.2854 

5625.70 

-28 

5625.42 

25.36 

+  2 

5625.38 

;o 

38.9600 

5627.30 

-26 

5627.04 



27.10 

+  2 

5627.1 

8 

D 

38.8405 

5634.26 

-26 

5634.00 

10 

D 

38.1328 

5634.70 

-28 

5634.42 

34.21 

+  2 

5&34.23 

Head 

38.7964 

56.36.81 

-26 

5a36.55 

Head 

38.0896 

5637.26 

-28 

5636.98 

36.77 

+  2 

5636.79 

f 

Tom 

38.7964 

56.36.81 

-26 

5636.55 



! 

36.77 

+  2 

56.36.8 

^\t 

nB 

38.7658 

56.38.60 

-27 

5&38.33 

B 

38.0.571 

5&39.19 

-28 

5638.91 

38.62 

+  2 

5&38.64 

nB 

38.7102 

5641.84 

-27 

5641.57 

B 

38.0102 

5641.97 

-29 

5641.68 

41.63 

-2 

5641.65 

\ 

;o 

38.6950 

5642.70 

-27 

5642.43 

42.49 

-  2 

5642.5 

2 

nnD 

38.6625 

5644.62 

-28 

5644.34 

1 

nD 

37.9680 

5644.49 

-29 

5644.20 

44.27 

--  2 

5644.29 

1 

nnD 

38.5603 

5650.61 

-28 

5650.33 

1 

nnD 

37.8694 

5650.39 

-29 

5650.10 

50.22 

-  2 

5650.24 

nnB 

38.5130 

5653.40 

-28 

5653.12 

53.18 

-  2 

5653.2 

2 

nB 

37.7830 

5655.57 

-29 

5655.28 

55.22 

—  2 

5655.24 

nnD 

38.4306 

5658.25 

-29 

5657.96 

1 

nD 

37.7503 

5a57.54 

-29 

5657.25 

57.61 

-  2 

.5657.63 

3 

nnD 

38.2098 

5671.35 

-31 

5671.04 

2 

nD 

37.51.32 

5671.89 

-.30 

5671.59 

71.32 

-  2 

.5671.34 

2 

nn  B 

38.1633 

5674.13 

-32 

5673.81 

1-2 

nB 

37.47.36 

5674.31 

-30 

5674.01 

73.91 

—  2 

5673.93 

1-2 

nnD 

38.1202 

5676.70 

-32 

5676.38 

2 

nD 

37.4327 

5676.81 

-30 

5676.51 

76.45 

+  2 

5676.47 

2 

nB 

38.0704 

5679.69 

-32 

5679.37 

79.43 

+  2 

5679.45 

1-2 

nB 

37.9977 

5684.06 

-33 

5683.73 

a3.79 

+  2 

5683  81 

8 

wn  B 

37.8353 

5693.88 

-34 

5693.54 

6 

nB 

37.1484 

5694.30 

-31 

5693.99 

93.77 

+  2 

5693.79 

1 

nnD 

37.7910 

5698.60 

-35 

5696.25 

96.31 

+  2 

5696.33 

4 

nB 

37.6508 

5705.12 

-36 

5704.76 

5 

nB 

36.9668 

5705.60 

-31 

5705.29 

05.03 

+  2 

5705.05 

3-4 

nD 

37.6018 

5708.12 

-37 

5707.75 

2 

nD 

36.9191 

5708.58 

-31 

5708.27 

08.01 

+  2 

5708.03 

1 

nnD 

37.5210 

5713.10 

-37 

5712.73 

1 

nD 

.36.8.338 

5713.93 

-32 

5713.61 

13.17 

+  2 

5713.19 

6 

wn  B 

37.4514 

5717.37 

-38 

5716.99 

8 

wn  B 

36.77.34 

5717.74 

-32 

5717.42 

17.21 

+  2 

5717.23 

1 

nD 

37.3829 

5721.61 

-39 

5721.22 

2 

nD 

.36.7063 

5721.97 

-32 

.5721.65 

21.44 

+  2 

5721.46 

6 

wn  B 

37.3.330 

5724.70 

-39 

5724.31 

6 

wn  B 

36.6566 

5725.12 

-32 

5724.80 

24.56 

+  2 

5724.58 

a-4 

nD 

37.2257 

5731.38 

-40 

5730.98 

8 

wnD 

36.5441 

5732.27 

-33 

5731.94 

31.46 

+  2 

5731.48 

f 

from 

36.3a30 

5742.60 

-33 

5742.27 

42.21 

+  2 

.5742.2 

3 

nD 

37.0343 

5743.37 

-43 

5742.94 

"ll 

43.00 

+  2 

5743.02 

2 

nnD 

36.9297 

5750.00 

-44 

5749.56 

nb 

36.2611 

5750.44 

-34 

5750.10 

49.83 

+  2 

5749.85 

1 

to 

36.2490 

5751.20 

-34 

5750.86 

50.80 

+  2 

5750.8 

3 

nnD 

36.7;«1 

5762.66 

-46 

5762.20 

1 

nD 

36.0743 

5762.56 

-35 

5762.21 

62.21 

+  2 

5762.23 

3 

nnD 

36.6045 

5770.70 

-48 

5770.22 

3 

nD 

36.9375 

5771.51 

-35 

5771.16 

70.69 

+  2 

5770.71 

315 
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78  SCBJELLERrP—Continiod 


i>i.iTK  r;  xn 

Pl.*te  G  3»4 

M£.\>i  W.\vb-Lesoth 

Inten- 
sity 

acter 

Mean 

Scale 

Beading 

Wave- 
Lengthby 
Formula 

Cor. 
from 
Cnnre 

Ware- 
Len«tli 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

1 
1 
2 

1 
1 

1 

from 
to 

to 
nnD 

nD 
nnD 
nnD 

nD 

36.5790 
36.4460 

36!3626 
36.3005 
36.1827 
.36.0953 
.Yi.8060 
35.. 3991 

t.m. 
5772.30 
5780.90 

5786! 30 
5790.36 
5798.  (B 
.5803.79 
.5822.80 
5850.34 

-50 
-50 

-50 
-51 
-52 
-53 
-60 
-60 

t.m. 
5771.80 
5780.40 

5785! 80 
5789.85 
5797.53 
5803.26 
5822.20 
5849.74 

"a" 

... 

i-2 
1 

wnb 

nb 
nnD 

mm. 

35!7232 

35! 4446 
35.1549 

t.m. 
5785! 63 

58C«!24 
5823.87 

-36 

-38 
-:i9 

t.m. 

5785! 27 

586.V.86 
5823.48 

t.m. 
71.86 
80.46 
85.21 
85.86 
89.91 
97.59 
as. 56 
22.84 
49.80 

+2 
+2 

4-2 

tl 

+2 

+2 
+2 

t.m. 
5771.9 
5780.5 
5785.23 
5785.9 
5789.93 
5797.61 
581X3.58 
5822.86 
5849.82 

132  SCHJELLERUP  -  U  HYDRAS 


Plate  A  328 

Plate  G  309 

Plate  G  35S 

1902.  February  a. G.M.T.ISM 
Hour  angle.  E  VUl 

1899.  March  23.  G.M.T.  17M 
Hour  angle,  W  IW 

1899,  December  29.  G.M.T.  22t>l 
Hour  angle,  \V  Oi.'2 

Mean 
Wave-Length 

Star  excellent ;  comparison  fair 

Star  fair;  comparison  fair 

Star  fair:  comparison  fair 

T_    1                 Me.in 
}"-     Char-     Scale 

Wave- 

J  E  '  Wave- 

In- 

Char- 

Mean   j,~  £ 
Scale    >a5 

If 

In- 
ten- 
sity 

Char- 

Mean 
Scale 

n 

i-Asr- 

"^i 

sity 

acter 

Bead- 
ing 

by  For- 
mula 

.=  -- 

Length 

sity 

acter 

Read-  L;  ri 

ing    I^Ji- 

,Cw 

&J 

acter 

Read- 
ing 

^j 

5-1;    V 

u> 

mm.       t.m. 

t.m. 

mm. 

t.m. 

t.m. 

mm. 

t.m. 

t.m. 

t.m. 

t.m. 

Spec. 

begins 

22.4SOO 

42S6.9 

-(-3+ 

4296.2 

96.2 

- 

-40 

4296.6 

Keri 

63.9510 

76.81 

-  3 

76.8i 

Begi 

ns 

.'>7.6I50 

71.3 

•fast 

+38 

71.7 

71. 

- 

-41 

4374. 

1 

nnD 

57.1080 

75.1 

75.5 

75.. 5 

- 

-41 

4375.9 

1 

nnD 

57.1090 

60.6 

4-36 

81.0 

81.0 

-41 

4;<81.4 

1 

nD 

63.5061 

H1.90 

-  7 

81.83 

51.83 

- 

-41 

4.38.5.2 

2 

n  B 

30  tnvT  ■  4--B«  ••-. 

-11    L-isx  36 

im.se 

- 

-41 

4388.77 

wn  D   .W.9K7 

J  . 

•;<  30 

1-2 

nD 

63.2453 

89.60 

-  8 

89.52 

1         (1 1)  .v;  6.V.9 

4-33 

-41 

4.38St.7( 

2 

n  I)   :n.lW5 

1  51 

- 

-41 

4.3'.i1.«5 

2 

n  B   31.2402 

13 

92.43 

1 

41 

4;t92.84 

nm  T)    :il    4.VVi 

•1.75 

wD 

62.9Tra 

91  JiO 

-  » 

91.41 

«..  I)  ,.Vi,3620 

oi.so 

-1-31 

91. 8i 

94.66 

- 

-41 

43SI5.07 

Cm!  t  from      |3i..i<J-S0 

.35 

- 

-41 

4.395.76 

Smc/  to          l31.)'i8S.j 

T  19 

97.49 

.. 

41 

4.3!>7  '.« 

1-2           nT)  1317174 

•7.83 

" 

41 

4;t98  24 

wn  D  ':n.f*i; 

•     ...).li 

1-2 

nD 

62.6435 

00.70 

-11 

00.59 

wnD 

56.0619 

00.08 

+29 

00.37 

00.48    - 

-41 

4HW.89 

» 

n  B  132.0714 

44ijl.:«; 

7  ,  UO2.03 

B  62.5620 

02.21 

-12 

02.09 



02.06  1  .. 

-41 

4402. 47 

4 

D   :C1442 

4402  H3 

-  6    4402.89 

1    

02. Ml]  ^ 

-41 

4Ja3  :« 

nn  D  32.2)!>10 

44<14.4« 

-r- 6   4104.52 

1-2 

dD   62.1060 

(K.12 

-r13 

01.99 

vn  D 

.'i5.8:«0 

04.70 

+28 
4-28 

6i.98| 

01.83    - 

-41 

4ia5.24 

'J 

D    32.5Sl.i 

41*20 

-  5  '4408.23 

1            nD 

62.2170 

06.10 

-U 

07.96 

wnD 

55.6610 

'n.80 

08. OS; 

-41     (108  51 

1 

n  D    Xi.Hra 

4410.74 

4110.79 

1 

41  14111  20 

5 

D    32.^91.5 

«11.82 

-  1 

4411. H6 

1 

nnD 

55.4675 

11.52 

+28 

11.78, 

11.82     - 

41  ,1412  23 

Cm.  ( 

from       S2.92W 

M12..30 

—  4 

4412.34!     

12. .tl  ,  -. 

41  |4412  8 

Vc^ 

to             33.««Cf. 

1411.24 

-  3 

4111. •>7       

- 

41 

4414.7 

3 

D    33.122.1 

1411  63 

T-  3 

mi  66        1 

nD 

61.8679 

15.S 

-1. 

15.08 

14.87 

-41 

4415.28 

D  1  -.B.Z-M 

1116.27 

-  3  14416.30       ... 

-41 

4116.71 

1 

n  D  ,33.:J4iri    1417.30 

^  3  14417  ru       ... 

n.:!3 

-41 

4417.74 

Cm.)  from      |.-B..-Wt->    M17  .V, 

^  3  |1417..'j6       ... 

41 

4418.0 

JMCI  to            \Xi.V,ir,    4419  87 

~  2    4119.89  II   ... 

19.89 

41 

4120.3 

2             n  D  133.57*    4420.17 

-  2iM20.19|     ... 

-41 

2 

n  B    .T!  "■-'■>    1(2"  7') 

—  2    (420  77    ■    ... 

-41 

4421.18 

2-3 

D   :r  ■■■-    •'■'  -- 

21.29 

-41 

4421.70 

3 

n  R 

23.58 

41 

4423.99 

S-« 

D 

1 

nnb 

51.7673 

23.17 

4-22 

25.39 

•25.45 

-41 

4125.86 

6 

B 

26.28 

-41 

4126.69 

S 

D,:,;.. - 

12 

nD 

61.2244 

27  57 

-20 

27.37 

1 

nn  D 

51.6638 

27.32 

+21 

27.33 

27. 31 

-41 

4427.75 

A 

M.MiJu  .u^.s; 

0  |i42u.:a 

41 

4429.6 

1  ''^ 

dD 

6i.a856 

."«ra 

-21 

30.01 

2 

54.5489 

29.49 

4-20 

29.69 

-41 

1 

to 

si  iiisUiVi  40 

-  i  Uiyi  4>. 



30.48 

-41 

44.30.9 

Gm.  i 

1     H*'  (" 

.30. 48 

-41 

4430.9 

1 

dD 

54.3539 

33.32 

+19 

33.51 

:«.5i 

-41 

44:H.92 

S*ec/  to 

34. V. 

41 

41.35,0 

...  1         D 

WD  D 

60.8135 

35.55 

-?3 

35.32 

3 

dD 

54.2707 

35.02 

+  19 

.35,21 

35.19 

41 

4t:v..60 

Lim- 

34. 55 

-41 

4435.0 

33.91 

41 

44.16  3 

D 

•  1 

D 

6o.aeoe 

37  i«i 

-24 

37.71 

37.73 

-41 

44.38  14 

4 

n  B 

38.45 

-41 

U-i8.!« 

Con 

Spec. 

1  2 

nD 

60.1585 

42  .'>2 

-25 

42.27 

42.27 

41 

4412  68 

6 

D  i.V..i.iii ,  mi.i  i 

:;    mi  1)7       1 

nD 

60.3642 

41  3H 

-26 

44.12 

44.10 

'41 

4441.51 
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4870,49 

2 

nb 

43.8034 

4871.20 

-1-1 

4871.21 

I-',*. 

nD 

37.. 5917 

4870.57 

+63 

4871.20 

70.97 

--46 

4871.43 

2-3 

nD 

61.. 5232 

4874.50 

+36 

4.S74,86 

2 

nD 

43.6882 

4875.14 

0 

4875.14 

1-2 

D 

37.4751 

4874.56 

+H2 

4875.18 

73.06 

-46 

4873.52 

5 

wn  B 

61.7147 

4878.64 

+35 

4878.99 

78.99 

-46 

4879.45 

5 

D 

61.7979 

4880.44 

+35 

4880.79 

2 

nD 

43.5099 

4881.15 

-  1 

4881.14 

2-3 

D 

37.2970 

4880.69 

+60 

4881.29 

81,07 

--46 

4881.53 

1 

unD 

62.2437 

4890.16 

+33 

4890.49 

2 

nD 

43.2250 

4890.83 

-  3 

1 

4890.80 

Max' 

■■■'b 

.%!8(J43 

4897^86 

+58 

4898  .'44 

90.63 
98.44 

+46 
+46 

4891.11 

4898.90 

2 

nD 

62.6704 

4899.. 56 

+31 

4899.87 

1-2 

nb 

42.9421 

4900.59 

-  5 

49(36.. 54 

00.21 

-46 

4900.67 

1 

nnD  163.0839 

4908.76 

+29 

4909.05 

1 

nnD 

42.6787 

4909.76 

-  7 

4909.69 

09.37 

+46 

4909.83 
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132  SCHJELLER UP  —  Coniin ued 


PlJkTE  A  328 

Plate  G  309 

Plate  G  368 

Mean 
Wave-Lenoth 

In- 
ten- 
sity 

Mean 
Char-    Scale 
acUT     Read- 
ing 

Wave-     §  o 
Leucth    =£ 
by  F..r-    c  = 

iula      z-' 

Wavc- 
Lengtb 

In- 
ten- 
sity 

"l" 

"l" 
2-3 

i 

i" 

.... 

Char- 
actor 

Mean 
Scale 
Read- 
ing 

h 

ti 
IJ 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 
R.-ad- 
iiig 

ill 

.  ■  3 

ri 

63 

Cor. 
for 
V 

> 

3 
1 

mm. 
from      63.3110 

to""    «3!6i96 

nn  D  I63.75.-.0 

nD  164. 1434 

I   Stnw 

nn  D1     66  .1620 

n  D7     66. SUSS 

nD?     67.22.i7 

nn  D!     67  9513 

nn  D^    67  .SIM 

End     68.4330 

1 

t.m. 
1918.33 

1920 'so 
4923.87 
4932.78 
CMllMno 

49Psi!43 
4989.90 
49l«.3;l 
300i;.ll 
.T<«I9.47 
.-«13  87 
.J036.40 

4-27 

+27 
-f28 
+24 
S   SUM 

+10 

+  7 
+  5 
+  3 

4-  0 

-  6 

t.m. 
4918.62 

4921  07 
4924.13 
4933.02 
tna 

4981  !i3 
4989.97 
4998.38 
.3006  11 
.3009.49 
3013.87 
3036.3 

"ai> 
nD 
nD 
nD 

"nD 
"End 

mm. 
42!3836 

42 [2439 
41.9972 
41.3424 
40.7751 

46!2257 
39!356-i 

t.m. 
4926.15 

4925!i6 
4933.93 
1937.74 
1979.61 

4999.75 
5031  !o6 

1 

t.m. 
-■9  IffibVoii 
-io  492.V66 

-U  493;i.H4 
-16  4937.58 
-20  1979.11 

-23  i999!52 
-30  3033!to 

"2 

n  D 

End 

ssisisi 
as'.im 

t.m. 
1933.19 

+50 
+30 

t.m. 
1933  !C9 

soigii' 

t.m. 
18  02 
20.06 
21.07 
21. 37 
33. ->5 
57.. 38 
79.41 
81.. V) 
89.97 
99.93 
06.14 
09.49 
13.87 

+46 
-f46 
+46 

+  46 
+  46 

+47 
+47 

±]? 

+47 

+47 

t.m. 
1919.1 
4920.32 
4921.3 
4923.03 

49:u.oi 

1»38.(» 
4979. 8S 
4982.02 
4990.44 
5000.42 
5006.61 
5009.96 
.3014.31 

132  SCHJELLERUP 


Plate  G  299 

Pl. 

te  G  301 

1899.  Marc 

h  5.  G.M.T.  17M.    Hoar  angle. 

(\'0ll3 

1899,  March  6,  G.M.T 

191)0.    Hour  angle. 

W  IW 

Mean 

W'AVE-LENGTn 

Star  good;  comparison  fair 

Star 

excellent ; 

comparison  excellent                  1 

Inten- 
sity 

Char- 
acter 

Mean           Wave- 
Scale        Length  by 
Reading       Formula 

Cor. 
from 
Curve 

Wave- 
Leugth 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Lcngth  by 
Formula 

Cor. 
from 
Curve 

Wavc- 
Length 

Cicor- 

rccted 

for 

Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

Head 

46.5440 

t.m. 
5167.70 

+13 

t.m.       1 

5167.  as 

Head 

mm. 
47.1560 

t.m. 
5167.10 

+17 

t.m. 
5167.27 

t.m. 
67.55 

-K49 

t.m. 
5168.04 

2 

nD? 

46.4.342 

.5172.02 

+11 

5172.13 

5 

nD 

47.0198 

5172.46 

+13 

5172.59 

72.. 30 

--49 
--49 

5172.85 

( 

from 

46.2150 

5180.70 

+  8 

5180.78 

80.68 

.5181.2 

d] 

wnD 

46.7500 

5183.10 

+  7 

5183.17 

83.27 

--49 

5ia3.8 

/ 

to 

46.1120 

5184.70 

+  ^ 

5184.77 

84.67 

--49 

5185. 2 

^{ 

from 

46.7040 

.5184.90 

+  ^ 

5184.97 

84.87 

-1-49 

51S5.4 

1 

nb 

46.6i44 

.5188.77 

+  7 

5188.84 

1 

nnD 

40.6120 

.51 88.. 58 

+  <! 

5188.04 

88.74 

-1-49 

5189.23 

/ 

to 

46.. 54  70 

.■)1!)1.20 

+  c 

5191. 2(! 

91.  .30 

-1-19 

5191.9 

2 

nnD 

45.92.39 

5192.41 

+  6 

5192.47 

4 

nD 

46.5110 

51112.57 

+  f> 

5192.02 

92.. 55 

+49 

5193.04 

Bj 

from 

46.4840 

519.3.68 

+  5 

5193.73 

9.3.  a3 

-f49 

5194.3 

"S 

from 

45.6500 

.5203.50 

+  3 

5203.53 

to 

46.2.T)0 

,52<  1.3.68 

0 

52(.)3.()8 

03.01 

-f49 

5204.1 

to 

45.1680 

.5211.00 

+  1 

5211.01 

D 

to 

46.0410 

.52 11.. 54 

-  3 

.5211.. 51 

11. .31 

+49 

5211.8 

1 

nnD 

45. 3140 

.5216.05 

-  1 

5216.04 

1 

nnD 

45.9298 

5216.06 

-  5 

5216.01 

10.03 

+49 

5210  .52 

nD 

4.").iK!(J     .")226.83 

-  4 

.5226.79 

5 

D 

45.6663 

5226.88 

-  9 

5226.79 

2(i.79 

+49 
-j-49 

5227.28 

2 

nD 

44.!)-i:«)     .52:i3.49 

-  6 

.52.33.43 

4 

nD 

45.. 5059 

52.^3.51 

-11 

.52.33.40 

,33.42 

5233.91 

1 

nB 

44.8580     5236.30 

-  7 

5236.23 

Max 

B 

45.4470 

52.'i5.95 

-12 

.52.T).a3 

.■i«;.03 

+•!!' 

.5'2:!0.52 

1 

nD 

45..m-)7 

52.3!).. -t! 

-13 

.5239.20 

.39. -iO 

-1-49 

,5239.79 

2  3 

nD 

44.59*3 

5247.16 

-io 

5247.06 

3 

nD 

45.1H4(! 

52l(i.!)2 

-15 

5210.77 

40.92 

-t-49 

5247.41 

2-3 

nD 

44.. 5040 

5251.20 

-12 

5251.08 

3 

D 

45.0872 

5251  01 

-17 

,52.50.84 

50.90 

-fr)0 

.5251.46 

1 

nnD 

44.9889 

52.55.17 

-17 

52.55.00 

55.10 

-(-,50 

.525.5.00 

4 

nD 

ii.(fm 

5270.38 

-19 

5270.19 

5 

D 

44.6447 

.5209.82 

-20 

.5209.02 

09.91 

-I-.50 

.5270.41 

1-2 

B 

44.4.300 

5279.07 

-21 

5278.80 

78.% 

+.50 

.5279.40 

1 

nnD 

43.7500 

5283.71 

-21 

5283.50 

at.  40 

4-50 

,52S.3.!«) 

3 

nD 

43.4253 

.5297.99 

-24 

5297.75 

3 

D 

44.00:« 

5297.67 

-20 

.5297.47 

97.01 

-f50 

.5298.11 

1 

nD 

43  3.301 

5302.20 

-25 

.5.301.95 

01  85 

■Jj-M 

.5:102.. ■i5 

1 

B 

43.6564 

5.313.01 

-18 

.53l2.a3 

12.93 

+M 

.5313.43 

2 

nb 

43.0401 

5.315,16 

-27 

5.314.89 

1 

nD 

43.6151 

5314.  a5 

-18 

.5,314.67 

14.78 

-(-.50 

.5.315.28 

2 

B 

43.5594 

5317.. 34 

-18 

5317.16 

17.26 

+.'-)0 

.5.317.76 

3 

wnD 

42.9i6s 

5.321.01 

-28 

5320.73 

20  03 

-^50 

.5321.13 

3  4 

nD 

42.7.342 

5.329.00 

-29 

5.328.71 

4 

nb 

43.. 3099 

.5328.-55 

-15 

5328.40 

28. 56 

+.50 

.5,329.06 

1 

nD 

42.5628 

.5336.81 

-29 

.5336.52 

1 

nnD 

13.1490 

5a'i5.84 

-13 

.5Trj.71 

.3(;..32 

+.50 

,5:5:!6.82 

2-3 

nD 

42.4548 

5341.77 

-.TO 

.5311.47 

2 

n  I) 

43.0378 

5.310  TO 

-11 

.5310.79 

41   1.3 

4-M 
-^.50 

5-J41.63 

1 

B 

42.7960 

.5352.00 

-  8 

.5351.92 

.52.02 

5'5.52.52 

1 

nD 

41.9991 

:V»52.«J 

-31 

.'vi«;2..59 

62.49 

+M 

.5'«32.99 

2 

nD 

41.92fr2 

.536<5.fiO 

-.31 

.V!6f!.29 

1 

nnD 

42.4895 

5366.20 

-  6 

.5366.14 

66.22 

+.50 

.5366.72 

2 

B 

41  8669 

5.369.10 

-31 

.53(».79 

2 

B 

42.44.32 

5368.. 36 

-  5 

5368.. 31 

fi8..55 

+50 

.5,3f59.05 

9 

D 

41.8114 

5371.71 

-31 

5371.40 

10 

D 

42.3777 

5371.42 

-  5 

5371.37 

71.. 39 

+i50 

5:371.89 
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132  SCH J ELLERVP— Continued 


Plate  G  299 

Plate  G  301 

Mean  Wave-Length 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Lengtli 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 

Length  by 
Formula 

Cur. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 

V 

Corrected 

for 
Velocity 

3 

nB 

il^.TiOa 

5.375".'06 

-31 

5,37T.75 

6 

B 

42'!3'r04 

5374!59 

-  4 

5.374!  55 

74.'65 

-f,50 

5375!l5 

nD 

41.6927 

5377.32 

-31 

5377.01 

1 

nD 

42.2612 

5376.90 

-  4 

5376.86 

76.94 

-1-50 

5377.44 

nB 

41.6281 

5380.38 

-32 

5380.06 

79.96 

+,50 

,5380.46 

nD 

41.5478 

5484.20 

-32 

5383.88 

1 

nD 

42.1056 

5.384.25 

-  3 

5384.22 

84.05 

-l-oO 

5.384.55 

1 

nnD 

41.8.301 

5397.38 

-  1 

5,397.37 

97.47 

-I-.50 

5.397.97 

1 

nnD 

41.6445 

5406.30 

0 

5406.30 

06.40 

+50 

5406.90 

nD 

41.0046 

5410.35 

-32 

5410.03 

2 

D 

41.5651 

5410.14 

0 

5410.14 

10.09 

+,50 

5410.59 

1-2 

B 

41.5:310 

5411.79 

0 

5411.79 

11.89 

+50 

5412. 39 

nnD 

40.9277 

5414.10 

-.32 

5413.78 

1-2 

nD 

41.4980 

5413. 39 

+  1     .5413.40 

13., 59 

+50 

5414.09 

B 

40.8673 

5417.05 

-32 

5416.73 

5 

nB 

41.4:366 

5416.. 38 

-1-  1  :  5416.. 39 

16.56 

+50 

5417.06 

wnD 

40.7959 

5420.55 

-32 

5420.23 

2 

D 

41.. 3703 

5419.61 

+  1 

5419.62 

19.93 

+50 

5420.43 

3 

nB 

41.3123 

5422.44 

+  1 

.5422.45 

22.55 

+50 

5423.05 

nD 

40.7109 

5424.73 

-.32 

5424.42 

2 

nD 

41.2679 

5424.62 

+  a 

.5424.64 

24.53 

-1-59 

5425.03 

nD 

40.5995 

5430.23 

-31 

5429.92 

4 

D 

41.1642 

5429.72 

+  'J 

5429.74 

29.83 

—50 

54,30.  a3 

3 

B 

41.1254 

.54:51.63 

+  'i 

,54.31.65 

31.75 

-00 

54.32.25 

nnD 

40.5200 

5434.17 

-31 

54.33.86 

2 

nD 

41.0808 

.54:i3.82 

+  2 

,54.33.84 

,33.85 

—50 

.54,34.35 

D 

40.2479 

5447.74 

-30 

5447.44 

9 

D 

40.81.59 

5446.99 

+  3 

.5447.02 

47.23 

—50 

5447.73 

Max 

B 

40.1815 

5451.08 

-30 

5450.78 

Max 

B 

40  7560 

5449.98 

+  3 

5450.01 

50.40 

-51 

.5450.91 

3 

nD 

40.0686 

5456.77 

-;« 

5456.47 

2  3 

D 

40.6298 

54.56.  ;32 

+  3 

5456.. 35 

56.41 

-bl 

5456.92 

1 

nD 

39.9823 

5461.14 

-29 

5460.85 

2 

nD 

40.5554 

5460.07 

+  4 

5460.11 

60.48 

+51 

5460.99 

1 

nD 

39.8744 

5466.  &3 

-29 

5466.34 

66.24 

+51 

5466.75 

3 

nR 

39.7607 

5472.43 

-28 

5472.15 

3 

B 

40.3283 

5471.59 

+  4 

5471.63 

71.89 

+51 

5472.40 

1 

nD 

40.2899 

5473.55 

+  4 

5473.59 

73.69 

+51 

5474.20 

1-2 

nD 

40  2149 

5477.39 

+  4 

.5477.43 

77.53 

+51 

5478.04 

1 

nD 

39.5595 

5482.77 

-28 

5482.49 

1 

nD 

40.1169 

5482.42 

+  4 

.5482.46 

82.48 

+51 

5482.99 

1 

B 

39.3182 

5495.29 

-26 

5495.  a3 

2 

B 

:39.8698 

5495.19 

+  5 

.5495.24 

95.14 

^51 

5495.65 

5 

D 

39.2723 

5497.68 

-26 

5497.42 

5 

D 

39.8283 

5497.35 

+  5 

5497.40 

97.41 

+51 

5497.92 

4 

nD 

39.7458 

5501.65 

+  f' 

,5,501.70 

01.80 

+51 

5502.. 31 

1 

nD 

39 . 6583 

.5506.23 

+  r> 

.5,506.28 

06.38 

+51 

5506.89 

2 

wn  B 

.39.6205 

5508.22 

+  5 

.5.508.27 

08.37 

+51 

5508.88 

12 

nD 

38.9961 

5512.19 

-24 

5511.95 

2  3 

nnD 

39.. 5.505 

5511.90 

+  5 

5511.95 

11.95 

+51 

5512.46 

Con.  \ 

from 

38.9720 

5513.50 

-24 

5513.26 

Con.  \ 

from 

39.. 5240 

.5513.30 

+  5 

5513.  a5 

13.. 31 

+51 

5513.82 

Snec.  ( 

to 

38.7880 

5523.20 

-23 

5522.97 

to 

39.3530 

5.522.36 

+  4 

,5522.40 

22.69 

+51 

5,523.2 

nD 

38.7687 

5524 . 26 

-23 

5524.03 

nnD 

39.3288 

5523.63 

+  4 

5523.67 

23.85 

+51 

.5.524., 36 

1 

nnD 

38.7000 

5527.90 

—  22 

5527.68 

27.58 

+51 

5528.09 

1 

nD 

38.5912 

55.33.76 

-21 

5533.55 

1 

nD 

.39.1.515 

5533.10 

+  4 

5,53.3.14 

,a3..35 

+51 

55,33.86 

9 

D 

38.4818 

5539.65 

-20 

5539.45 

7 

D 

39.0.395 

5539.11 

+  4 

55.39.15 

39.30 

+51 

5539.81 

( 

from 

39.0080 

5544.00 

+  4 

5544.04 

44.14 

+51 

5544.7 

2-3 

nB 

38.4125 

5543.40 

-20 

5543.20 

R 

43.10 

-51 

5543.61 

/ 

to 

38.9110 

.5.546.10 

+  4 

.5,546.  ii 

46.24 

-51 

5546.8 

1 

nD 

38. .3335 

5547.68 

-19 

5547.49 

1-2 

D 

38.8841 

5547.51 

+  4 

5547.55 

47.52 

-51 

5548.03 

1 

nD 

38.1797 

5556.06 

-18 

5555.88 

.55.78 

-51 

55,56.30 

1 

nnD 

38.6247 

5561.55 

+  3 

.5.56i..58 

61.68 

—52 

5562.20 

1 

nB 

38.0298 

5564.29 

-ie 

5564.13 

1-2 

nB 

38.. 5843 

5563.87 

+  3 

55a3.90 

64.02 

—52 

5564.54 

1 

nD 

.37.9876 

5566.61 

-16 

5566.45 

1 

nnD 

,38.5429 

5566.15 

+  3 

5566.18 

66.32 

-,52 

5566.84 

1 

nB 

37.9020 

5571.34 

-15 

5571.19 

2 

B 

38.4.5.35 

5571.07 

+  2 

5571.09 

71.14 

--,52 

5571.66 

1 

nnD 

38.4240 

5572.71 

+  a 

5572.73 

72.83 

-52 

5,573.4 

1 

nD 

38.. 3669 

5575.86 

+  2 

5.575.88 

75.98 

-52 

5576.50 

9 

D 

37.6804 

5.583.65 

-13 

5583.52 

9 

D 

.38.2.360 

5.583.14 

+  1 

5583.15 

83.34 

-52 

5583.86 

2 

B 

37.6268 

5586.65 

-12 

5586.53 

4 

B 

38.1785 

5586.35 

+  1 

5586.36 

86.45 

-52 

,5,586.97 

1 

nnD 

37.5900 

5588.70 

-12 

■5588.58 

1 

nD 

.38.1459 

5588.17 

+  1 

5588.18 

88.. 38 

--52 

5588.90 

1 

nnB 

37.5402 

5591.51 

-11 

5591.40 

91.30 

+52 

5591.82 

1 

nnD 

37.5002 

5593.76 

-11 

5.593.65 

1 

nD 

.38.6.398 

5594. is 

6 

5594.13 

93.89 

+52 

5.594.41 

2 

nn  B 

37.4529 

5596.42 

-10 

5596.32 

2-3 

nB 

37.9992 

5596.41 

0 

5596.41 

96.37 

+,52 

.5596.89 

1-2 

nnD 

37.3884 

5600.07 

-  9 

5599.98 

1 

nD 

37.9477 

5599.31 

0 

5599.. 31 

99.65 

+52 

5600.17 

1 

nnD 

37.2338 

5608.84 

-  7 

5608.77 

2 

nD 

37.7891 

5608.30 

-  1 

5608.29 

08.53 

+52 

5609.05 

Con.  1 

from 

37.2150 

5609.90 

-  7 

5609.83 

09.73 

+52 

5610.3 

1 

1 

nD 

37.6748 

5614.82 

-  2 

iseu.so 

14.90 

+52 

5615.42 

■■■-! 

1-2 

nB 

37.6452 

5616.51 

-  2 

5616.49 

16. ,59 

+51 

5617.11 

Spec.  I 

to 

37.0760 

5617.84 

-  5 

5617.79 

17.69 

+52 

5618.2 

D 

.37.0440 

5619.68 

—  5 

5619.63 

3 

nD 

37.5958 

5619., 35 

-  2 

56i9.,3.3 

19.48 

+52 

5620.00 

D 

36.9600 

5624.51 

-  3 

5624.48 

4 

D 

37.. 5195 

5623.73 

-  3 

5623.70 

24.09 

+.52 

5624.61 

from 

36.9290 

5626.30 

-  3 

5626.27 

Con.  f 

from 

37.4820 

5625.90 

-  3 

5625.87 

26.07 

+52 

5626.6 

Spec.  / 
10 

to 

36.8510 

5&30.80 

-  2 

5630.78 

Spec. ; 

to 

37.39.30 

5&31.10 

-  3 

5631.07 

.30.93 

+52 

56.31.5 

D 

36.8072 

56:33.35 

-  1 

.56.3:3.34 

10 

D 

36.3548 

56,33.24 

-  4 

5633.20 

33.27 

+52    5633.79 
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Plate  G  299 

! 

Plate  G  301 

Me.\ii  W.we-Length 

iDten- 
sity 

Char- 
acter 

Mean            Wave- 
Scale        Length  by 
Reading     Formula 

Cor. 
from 
Curve 

Wave- 
Length 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 

for 
Velocity 

Cor. 
for 
V 

Corrected 

for 

Velocity 

Head 

36°7553     5636!'36 

-  1 

t.m. 
5636.35 

Head 

37"3i00 

5ffii5!'84 

-   4 

56S5!'80 

36'.08 

+52 

,5636.'60 

1-2 

nB 

36.7356     5637.54 

0 

5637.54 

3-4 

nB 

37.2867 

5&37.19 

-  4 

5637.15 

37.35    +52 

50;37.87 

1 

nD 

36.71(10     .56.'?8.97 

0 

5638.97 

:i8.87    !+,52 

,5tlli).:« 

1-2 

nB 

:».tsa-i6     5640.. 54 

+  1 

5640.55 

3-4 

nB 

37.2398 

56.39.9.3 

-   4 

5639.89 

40.22    +52 

5040.74 

wnD 

36.6307 

5643.63 

+  2 

5643.65 

nnD 

37.1849 

5643.13 

—  5 

5643.08 

43.. 37    +52 

.5043.89 

1-2 

nB 

37.1431 

5645.58 

-  5 

5645.. 53 

45.63    +52 

.5040. 15 

nB 

36.9852 

5654.85 

-  6 

5654.79 

54.89 

+53 

50.55.42 

nD 

36.9428 

5657.36 

-  6 

5657.30 

57.40 

+53 

.50.57.  i)3 

1 

nb 

.36.i689     .5670.90 

-1-10 

5671.00 

nnD 

36.7302 

5669.97 

-  6 

5669.91 

70.4(3 

+.5:3 

5670.99 

1 

nD 

;«.0795  '  5676.24 

+12 

5676.36 

nnD 

36.6357 

5675.61 

-  7 

5675.54 

75.95 

+o:-j 

5676.48 

1 

nnD 

.35.9256     5685.49 

+15 

5685.64 

nnD 

36.4636 

5685.96 

-  8 

5685.88 

85.76 

+53 

5086.29 

4 

nB 

35.8105 

5692.45 

+17 

5692.62 

B 

36.3503 

5692.82 

-  9 

5692.73 

92.68 

+\i6 

5693.21 

nnD 

36.2948 

5696.19 

-10 

5696.09 

96.19 

+53 

,5696.72 

2 

nB 

35.6228 

5703.87 

+21 

5704.08 

4 

B 

36.1661 

5704.04 

-11 

5703.93 

04.00 

+53 

5701.. 5,3 

1-2 

nD 

35.5629 

5707.54 

+22 

5707.76 

2 

nD 

.36.10.5(! 

.571)7.75 

-11 

5707.64 

07.70 

+53 

5708.2.3 

1 

B 

,36.I_k;5S 

.-.,1(1.1!) 

-11 

5710.08 

10.18 

-{-Hi 

5710.71 

1 

nnb 

35.4974 

5711.56 

+23 

5711.79 

2 

nD 

.36.0375 

.57 11. 94 

-12 

5711.82 

11.80 

+5:i 

5712.. 33 

(  from 
BJ|   .... 

35.4660 

5713.50 

+20 

5713.70 

13.60 

-\-iii 

5714.1 

5 

nnB 

35.9747 

5715.80 

-i2 

57i5.68 

15.78 

+5:3 

5716.31 

(to 

a5  .3790     5718.90 

+30 

5719.20 

19.10 

+53 

5719.6 

1         nD 

35.-3473     5720.82 

+30 

5721  12 

21.02 

+53 

5721.6 

2  3          B 

.35.3117     .5723.02 

+30 

5723.32 

4 

nnB 

.35.8461 

5723.76 

-i.3 

5723.62 

,  23,47 

+o3 

,5724.00 

3  4       n  D 

3>.1870     57.3  \  80 

+30 

5731.10 

2 

D 

35.7.394 

5730.41 

-14 

5730.27 

,3(X19 

+.53 

57,30.72 

D  \  from 
^1  to 

35.1.570     .57.32.70 

+40 

57.33.10 

■>! 

from 

35.7150 

57.32.00 

-14 

5731.86 

32.5 

+>! 

57:«.o 

35.0290     5740.60 

-HO 

5741.00 

to 

35.5750 

5740.80 

-15 

5740.65 

40. a3 

+o3 

,5741.4 

1 

nnD 

34.9955     5742.77 

-1-40 
-HO 

5743.17 

43.07 

+53 

5743.60 

1 

nnD 

34.9234 

5749.30 

5749.70 

2 

nD 

35.4554 

5748.25 

-io 

571S,iKi 

IS   '.«) 

+53 

5749.43 

9. 

nD 

.35.2506 

5761.26 

-18 

.57(il  IN 

r.i   IS   !+,54 

,5761.72 

1-2 

B 

.35.1708 

5766.. 37 

-19 

.57(>(i.lM 

(;ii,2,s 

+54 

5766.82 

2 

nD 

34.5817 

5769.03 

440 

5769.4.3 

wD 

35.1245 

5769.34 

-19 

5769.15 

69.25 

+54 

5769.79 

u\ 

from 

34.5550 

5770.70 

+40 

5771.10 

71.00 

+54 

5771.5 

1-'^ 

B 

.35.0553 

577.3.79 

-20 

577,3.59 

73.69 

+54 

5774.23 

B-! 

1-2 

B 

34.9712 

5779.22 

-21 

5779.01 

79.11 

+54 

5779.65 

I 

to 

34.4090 

5780.10 

-HO 

5780.50 

80.40 

+54 

5780.9 

dI 

from 

34.9520 

5780.50 

-2i 

5780.29 

80.. 39 

+54 

5780.9 

D 

34.3690 

5782.70 

-HO 

5783.10 

s:',  iKi 

+54 

57a3.5 

1 

to 

.34.8620 

.5786.. 30 

-22 

578t;  lis 

si;  is 

+o4 

,5786.7 

nnD 

.34.82fi0 

5788.70 

-22 

57HS   |s 

SS    ,iS 

+.54 

5789.1 

1 

nnl)    .'U  7r,-j(i 

57'.l-2.!K) 

-•23 

5792. G7 

92.77 

+54 

.5793.3 

1 

nnD 

34.1639 

5796.06 

+1.± 

5797. 

1 

nl)    :;i  r,:i:,i 

.'.7;  17, 21) 

-24 

5790.90 

97.06 

+54 

.5797.  (K) 

1 

nl)    ;it.i;u;i; 

.■.Sl):{.IKJ 

-25 

5802.75 

02.85 

+54 

.58113.39 

1 

D 

34.0431 

580.3.96 

+1.+ 

5805. 

05. 

+54 

.5S()0. 

f. 

nD 

34..3i39 

5821.74 

-27 

582i.47 

21., 57 

+54 

.5822.11 

1 

nD 

34.2052 

5829.68 

-29 

5829., 39 

29.49 

+54 

5s:!().i):! 

Max 

B 

34.02.30 

5842.00 

-30 

,5841.70 

41.80 

+54 

5842.:}! 

End 

32.9740. 

5876.0 

+1.± 

5876. 

End 

.33.. 3700 

5886.90 

-30 

5886.60 
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1889,  December  26.  G.M.T.  21M».   Hour  angle,  W  IW 
Star  poor;  com[iari:ion  fair 

Plate  G  382 

IflOO,  January  31,  G.M.T.  19M.    Hour  angle,  W  11*7 
Star  fair;  comparison  fair 

Me.vn  Wavi;-Lenoth 

Inten- 
sity 

Char- 
acter 

Mean 
Scale 
Reading 

Wnvc- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wavo- 
Longth 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wavc 
Longth  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrnctod 

for 
Velocity 

mm. 

t.m. 

t.m. 

i' 

1 
4-5 

nnD 
nD 
nD 

wnD 

5.5'"^ 
.55.,3fXU 
.55.0060 
.54.41.37 

4404!'82 
4407.81 
4410.87 
4435.46 

-11 

111 
-20 

t.m. 
4404.71 
4407.09 
4416.72 
4435.26 

04!73 
07.71 
16.74 
35.28 

+19 

+19 
+19 
+19 

4404!'92 
4407.90 
4416.93 
4435.47 
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115  SCHJELLER UP  —  Con tiiiued 


Inten- 
sity 


0-1 
D    \ 


1-2 


3 
1 

10 
Head 
R     \ 


nD 
nnD 


nn  D 
n  B 


wn  D 

nn  D 
from 
to 

B 
from 
to 

nb 

nnD 

nD 


nD 
nb 
nb 

nn  b 
nD 


nn  D 

n  B 

nD 

D 


to 

nn  D 
nn  D 
nn  B 

nn  b 
nn  D 


Mean 

Scale 

Reading 


50.0670 
49.9557 


49.7954 


49.3424 


48.9534 


48.5380 

48 '3365 
48.1690 
48.1020 
47.9985 
47.9890 
47.9000 

47! 5459 
47.4864 
47.4005 


47.1697 
47! 0049 
46 '8450 

45! 7074 
45 '6466 


44.2260 
44.1447 
44.1187 
44.0418 
44.0112 

4.3!  9450 
43.9240 
43.8658 
43.8075 

43! 7227 
43.5640 


Wave- 
Length 

by 
Formula 


4496.57 
4500.49 


4506.18 


4522.48 


45.35.11 
4536.76 


4552.31 

4559 '97 
4566.39 
4568.97 
4572.98 
4573.35 
4576.81 

4596'.  75 
4593.12 
4596.55 


4605.84 
46i2.53 
4619.08 

4667! 27 
4696 !9i 


4734.51 
4738.. 36 
47.39.60 
4743.26 
4744.72 

4747! 88 
4748.89 
4751.69 
47.54.. 50 

4758^61 
4766.. 35 


Cor. 
from 
Curve 


+28 


+25 
+24 

+24 


+22 


+21 
+21 


+20 

+20 
+20 
+20 
+20 
+20 
+20 

+21 
+21 
+21 


+22 
+22 
+22 

+28 
+34 


+40 
+41 
+41 
+42 

+42 

+42 

+42 
+42 
+42 

+43 
+44 


Wave- 
Length 


4496.82 
4500.73 


4.5.35.. 32 
45.36.97 


4.552.. 51 

4566! ii 
4566.59 
4.569.17 
4573.18 
4573.55 
4577.01 

4.590.96 
4593.  a3 
4596.76 


4606.06 
46i2!75 
4619! 30 

4667! 55 
4697! 25 


4734.91 

47.38.77 
4740.01 
4743.68 
4745.14 

4748! 30 
4749.31 
4752.01 
4754.92 

4759! 04 
4766.79 


10 
Head 

4-5 


n  B 

wn  D 

nD 

D 

n  B 

n'B 
nD 
n  B 
nD 

'  n  B 

nD 

n  B 

nnD 

nD 

nD 

nB 

nD 

nD 

n  B 

B 

B 

nb 


nn  D 
nnD 
from 

to' 

n'B 
nD 
nD 
n  B 
nnD 

n'D 

"b 

D 

"b 

wb 


nn  B 
wn  D 


Mean 

Scale 

Reading 


54.3122 
53.9600 
53.5890 
53.3279 
53.2443 

52!  9.34.3 
52.9075 
52.88.35 
52.5580 

52!36i6 
52.2772 
52.2392 
52.1026 
51.9.575 
51.8164 
51.7799 
51.6999 
51.4760 
51.4.330 
51.. 39.33 
51.1457 

.56!  9777 


50.0410 


49.8490 
49.7752 
49.61580 

49! 5790 

49!  3.524 
49.3124 

49.2172 
48.8429 
48.8047 

47! 9970 

46! 9420 

46.7818 

46! 5858 

46! 4882 
46.4447 
46.4204 


46.2173 
46.1725 


Wave- 
Length 

by 
Formula 


t.m. 
44,38.70 
4450.04 
4462.18 
4470.87 
4473.67 

4484.15 
4485.07 
4485.89 
4497.09 

4563! 92 
4506.89 
4.508.22 
4513.05 
4,518.20 
4523.25 
4524.57 
4527.45 
45.35.58 
45.37.16 
4538.61 
4.547.74 

4554! 66 


4589.87 


4597.44 
4600.37 
4605.04 

4668! 26 

46i7!36 

4618.98 
4622.87 
4a38..32 
4639.91 

4674! 37 

472i!68 
4729.10 

4738! 27 

4742! 87 
4744.93 
4746.09 


4755.78 
4757.94 


Cor. 
from 
Curve 


+  8 
+  9 

+12 

+12 

+16 
+16 
+17 
+24 
+24 

+33 

+39 
+39 

+39 

+39 
+39 
+39 


+39 
+39 


Wave- 
Length 


44.38.50 
4449.81 
4461.94 
4470.63 
4473.43 

4483! 61 
4484.83 
4485.65 
4496.86 

4563!  69 
4506.66 
4.507.99 
4512.83 
4517.99 
4523.05 
4524. 37 
4527.26 
4535.40 
4.5,36.99 
4.5.38.44 
4.547.59 

4.553!  87 


4589.91 


4597.52 
4600.46 
4605.16 

4668! 32 

46i7!52 
4619.14 
4623.04 
46.38.56 
4640.15 

4674! 76 

4722! 67 
4729.49 

4738! 66 

4743! 26 
4745.32 

4746.48 


4756.17 
4758.33 


Mean  Wave-Length 


Velocity 


t.m. 
38.52 
49.83 
61.96 
70.65 
73.45 
78,. 38 
83.93 
84.85 
85.67 
96.84 
00.71 
03.71 
06.54 
08.01 
12.85 
18.01 
22.88 
24.39 
27.28 
35.36 
36.98 
.38.46 
47.61 
52.49 
53.89 
60.15 
66.57 
69.15 
73.16 
73., 53 
76.99 
89.93 
90.94 
93.31 

97!i4 
00.48 
05.18 
06.04 
08, 34 
12.71 
17.54 
19.22 
23.06 
.38.. 58 
40.17 
67.53 
74.72 
97.21 
22.09 
29.51 
34.89 
38.72 
39.99 
43.47 
45.23 
46.50 
48.28 
49.29 
51.99 
54.90 
56.19 
58.69 
66.77 


+19 
+19 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 

+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+21 
+21 
+21 
+21 
+21 


t.m. 

44.38.71 

4450.02 

4462.2 

4470.85 

4473.65 

4478.58 

4484.13 

4485.05 

4485.87 

4497.04 

4500.91 

4.503.91 

4506.74 

4508.21 

4513.05 

4518.21 

4.523.08 

4,524.59 

4527.48 

45.35.56 

4.5.37.08 

4,538.66 

4547.81 

4552.69 

4554.09 

4560.35 

4566.8 

4569.4 

4573.36 

4573.7 

4577,2 

4590.13 

4591.14 

4593.51 

4,597!. 34 

4600.68 

4605.4 

4606.24 

4608.5 

4612.91 

4617.74 

4619.42 

4623.26 

4638.78 

4640.37 

4667.73 

4674.92 

4697.41 

4722.29 

4729.71 

4735.09 

4738.92 

4740.19 

4743.67 

4745.43 

4746.70 

4748.5 

4749.49 

4752.20 

4755.11 

4756.40 

4758.90 

4766.98 
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Plate  G  363 

Plate  G  382 

Me,vn  Wave-Lenoth 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Leaetb  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Leu^h 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Telocity 

2 

2 
2-3 

«! 

"1 

1-2 

;i 

0-1 

%^ 

1-2 
1 

1 
1 

nnD 

from 

to 

nnD 
nnD 
from 

to 

wnD 
nB 

nB 
n  D 

from 

to 

nnl) 

nni) 
nnD 
from 

to 
nD 
nnD 

from 
to 
D 

nB 
nnD 
nnD 

nD 

mm. 

43.4590 
43.4.380 

4.3!. 33.30 
43.2117 
43.1119 
43.0870 

42! 9740 
42.7862 
42.7027 

42!  6404 
42.59S2 
42.. 5740 
42.4740 

42!36l5 

42! 2722 
41.9100 
41.8320 

4l!64l6 
41.6222 
41.. 3720 

4l!l526 
41.0190 
41.  (m2 
40.9810 
40.8182 
40.0061 
40.6026 

t.m. 
4771.50 
4772.54 

4777! 73 
47a3.77 
4788.77 
4790.01 

4795 iil 
4805.27 
4809.56 

481.3!  28 
4814.94 
4816.19 
4821.38 

4827! 26 

48.31!  96 
4851.24 
4854.90 

4865!8l 
4866.85 
4880. &3 

4892! 92 
4900.44 
4901.28 
49(J2.59 
4910.17 
4920.66 
4924.. 34 

-1-44 
-f44 

+44 
+44 

+44 

+44 
-1-44 
-M5 

+4.5 
+45 
+45 
-1-44 

+44 

+44 
+44 
+44 

+43 
-H3 
+42 

+41 
+41 
+40 
-MO 
+40 
+.38 
+38 

t.m. 
4771.94 
4772.98 

4778! I7 
4784.21 
4789.21 
4790.45 

4796 !l5 
4805.71 
4810.01 

481.V.73 
4815.. 39 
4816.64 
4821.82 

4827! TO 

4832! 40 
4851.68 
4855.34 

4866!  24 
4867.28 
4881.15 

489.3!. 33 
4900.85 
4901.68 
4902.99 
4910.57 
4921.04 
4924.72 

2 
1" 

1-2 

1 

2 

2 

2-3 

1 

( 
B 

( 

1-2 

1 

1-2 

.'.! 

'2' 

nD 

nnB 

nnb 
n  D 
from 
Max 
to 
wnD 

nD 

nb 
from 
to 
nD 
nB 
nD 
nB 
nD 

from 
Max 

to 
nD 
nD 
nD 

from 

to 

nb 
wnD 

45.8917 

45!8l63 

45!  046.3 
45.. 5444 
45. 5250 
45.4.380 
45.4090 
45.2170 

45.0995 

45! 0229 
45.0000 
44.8900 
44.8744 
44.8280 
44.7862 
44.7425 
44.6994 

44! 2640 
44.1.507 
44.  oh:*) 
44  (Mil 
43.7907 
43.0:319 
43.5760 
43.4160 

43! 2725 

42!66l9 

t.m. 
4771.56 

4775! 25 

478,3!  64 
4788.71 
4789.66 
4794.03 
4795.48 
4805.19 

48li!l8 

48l5!ii 
4816.27 
4821.64 
4822.76 
4825.18 
4827.. ^5 
4829.63 
4a31.88 

48,54!  90 
48(51.07 
1804.73 

ISlH.Ol 

4H.S0.75 
4889.50 
4892.67 
4901.66 

49C)9!82 

4981! 44 

+37 

+37 

+36 
+:35 
+.T, 
+34 
+.34 
+32 

+31 

+.30 
+29 

+28 
+28 
+28 
+27 
+26 
+25 

+19 
+16 
+15 
+15 
+11 
+  9 
+  8 

+  ^ 

+  6 
-■3 

t.m. 
4771,93 

4775! 62 

4784! 60 
4789.00 
4790  01 
4794., 37 
4795.82 
4805.51 

48ll!49 

48l5!4l 
4816.56 
4821.92 
4823.04 
4825.40 
4827.62 
4829.89 
4a32.13 

48.55  !l5 
4801.23 
4864.88 
4807.16 
4880.80 
4889.05 
4892.75 
4901.73 

4969!88 

4981 !« 

t.m, 
71,94 
72.90 
75.04 
78.15 
84.11 
89.14 
90.23 
94., 39 
95.99 
05.01 
09.99 
11.. 51 
13.71 
15.40 
16.60 
21.87 
23.06 
25.48 
27.07 
29.91 
.32.27 
51.60 
,55 .  25 
01.25 
05.0 
07.22 
80.88 
89.07 
93.03 
01.27 
01.00 
02.97 
10.28 
21.02 
24.70 
81.43 

+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+31 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+21 
+22 

t.m. 
4772.15 
4773.2 
4775.85 
4778.4 
4784, 32 
4789.35 
4790.4 
4794.00 
4790.2 
4805.82 
4810.20 
4811.72 
4813.92 
4815.61 
4810.8 
4822.1 
4823.27 
4825.69 
4827.88 
4a30.12 
4a32.48 
4851.87 
48.55 . 5 
4801.40 
4805.8 
4867.43 
4881 .09 
4889.88 
4893.2 
4901 .5 
4901.87 

4;«n.i8 

4910.49 
4921.23 
4924.91 
4981.65 
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Plate  G  363 

1899,  December  27,  G.M.T,  211.8.    Honr  angle,  W  l.W 
Star  good;  comparison  fair 

Plate  G  374 

1900,  January  7,  G,M,T.  20ti5.    Hour  angle,  W  2W 
Star  good;  comparison  good 

Mean  Wave-Lenoth 

Intcn- 
sitT 

Char- 
actcr 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Lengtb 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Longtli  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Longth 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

2 

nD 
from 

to" 
nD 

from 

to 
nD 

from 

to 
nD 

mm. 
45.7.520 
45.7270 

45!6l46 
45.5914 
45.. 5610 
45..36(J0 
45. 3395 
45. .31.30 
45.2240 
45.2068 

51G8'.'77 
5167.78 

sm!.^ 

5173.29 
.5174.. 50 
.5182.69 
5ia3.55 
.5184.61 
.5188.27 
5189.00 

4-22 
4-22 

+2I 
--21 

-1-21 
+19 

t.m. 
.5166.99 
5168.00 

5l72!56 
5173,50 

.5174.71 
.5182.88 

linB 
nnb 

nnb 

n 

am. 

t,m, 

,5l76!.54 
5l73!42 

5l82!84 

+26 
+19 

+I7 

t.m. 

.5176!  74 
5l7.3!6l 

5l83!61 

67'{)1 
68.02 
70.73 
72., 58 
73.56 
74.73 
82.90 
a3.,38 
84.82 
88.47 
89.20 

+23 

+Zi 

+2,3 
+23 

+23 
-1-23 

t.m. 

,5107.24 
5108.3 

46 

5144 

5170.90 
5172.8 

4 

46 

4433 

51 7:1. 79 

5175.0 

51R3.2 

2-3 

+19  1  .5ia3.74 
-1-19     .5184.80 
+18     .5188.45 
+18     .5189.18  1 

46 

2114 

+2.3    518:i.01 
+23,  51H5.1 
-1-2.3     51HH,8 
-|-23    5189.43 

1 
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nB 
wnD 
from 
to 

to  " 
nB 

nnD 
from 
to 

nnD 
from 

to  " 
nnD 
\vn  B 

wn  B 
nnD 
nnD 

nD 
nnB 
D 
nnB 

nB 
nnD 

nB 
nnD 
nnD 

nB 
nD? 
nn  B 

nB 


nD 
nB 


nB 
nD 

from 

to 
from 

to' 

wnD 

from 

to 

nnD 
nB 
nD 

wn  B 

nB 

nB 
nnD 

from 
to 
nD 


Mean 

Scale 

Readiug 


,1734 
,1025 
0520 
8320 


6390 
6065 
5520 
5200 
3550 
3124 
2700 


1760 
1515 

0825 


8963 
8389 
7377 
3054 
0890 
6942 
5400 
3692 
3214 
2672 
2055 
8519 
8054 
7544 
6914 
5324 


41.2200 
41.1918 

4i;i324 

41 ; 0659 
41.0155 
40.9910 


40,9170 
40.8060 


40.6730 
40.6217 
40.5490 
40.3990 
40.3628 
40.3099 
40.2805 
40.2187 

46! 0904 

46.0182 
39.9620 

39! 7666 
39.6680 
39.6192 


Wave- 

Cor. 

Leufith  b.v 

from 

Formula 

Curve 

519o!37 

+18 

5193.30 

+18 

5195.36 

+17 

5204.51 

+16 

5212 .60 

+15 

5213.99 

+15 

5216.26 

+14 

5217.62 

+14 

5224.61 

+14 

5226.44 

+14 

5228.23 

+14 

5232.25 

+14 

52,33., 33 

+14 

5236.29 

+14 

5244.32 

+13 

5246.81 

+13 

5251.22 

+13 

5270.22 

+13 

5279.87 

+14 

5297.67 

+16 

5304.71 

+17 

5.312,55 

+18 

5.314.75 

+19 

5.317.26 

+19 

5320.10 

+20 

5.3.36.64 

+24 

5.338.82 

+25 

5.341.23 

+27 

5.344.21 

+28 

53.51.77 

+30 

5366'.  77 

+36 

5368.14 

+36 

5.37i'.6i 

+38 

5.374.24 

+38 

.5376.70 

+38 

5.377.86 

+39 

.5,381.48 

+40 

5.386.93 

+41 

539.3 '49 

+43 

5396.05 

+44 

.5399.64 

+45 

5407.12 

+46 

5408.95 

+46 

5411.61 

+47 

5413.08 

+47 

5416.20 

+48 

.5422.68 

+49 

5426.. 35 

+50 

5429.19 

+51 

54,39.53 

+52 

.5444.27 

+53 

.5446.82 

+.53 

Length 


5190.. 55 
5193.48 
5195.53 
5204.67 

5212.75 
5214.14 
5216.40 
5217.76 
.5224.75 
5226.58 
5228.37 

52.32!. 39 
52.33.47 
5236.43 

,5244.45 
5246.94 
5251.. 35 
5270.  ;!5 
5280.01 
.5297.83 
5304.88 
5312.73 
5.314.94 
.5.317.45 
.5.320.. 30 
5.3.36.88 
5.339.07 
5.341.50 
.5344.49 
5352.07 


5.367.13 
5368.50 

537i'.39 

5.374!  62 
5377.08 
5378.25 


5.381.88 
5387.34 


5.393.92 
5396.49 
.5400.09 
.5407.. 58 
5409,41 
.5412.08 
5413,55 
5416.68 

5423.17 

5426  ".85 
5429.70 

5446.65 
5444.80 
5447.35 


2-3 


4-5 

3 

Con.  ^ 
Spec. '( 

3 

1 


nB 
nnD 


nD 

nn  B 

ni) 

nB 

nnD 


nnD 

nnD 

nn  B 

nD 

nn  B 

nB 

nD 

B 

nnD 

nD 

nB 

nD 

nn  B 

nB 

from 

to 

nD 

n'B 
from 


B 
nD 


wnB 

nnD 

from 

to 

nD 

nB 

n'B 

nnD 

nB 

nnD 

nB 

D 

nB 

from 

to 

nD 


Mean 

.Scale 

Reading 


45.4592 
45.4a30 


45.1650 

45^6769 

44! 9883 
44.9.305 
44.8554 


5/ on 
1457 
9420 
5260 
.3840 
2060 
1597 
1052 
0415 
6999 
6474 
59;i5 
5327 
,3685 
.3060 
1100 


42.0.308 
42.0000 

41.9246 
41.8970 
41.8535 

11!  78.34 


41.5280 


41.4502 
41.4290 
41.2280 
41.1914 
41.1447 

11! 6166 

40,9813 
40.9282 
40.8849 
40.84.52 
40.78.57 
40.7.515 
40.. 5920 
40.5040 
40.4520 


Wave- 
Length  by 
Formula 


5210.91 


5214.00 
5216.37 


5226.44 

52.30.44 

523.3.97 
52.36.45 
52.39.68 


5251.80 
.5270.64 
.5279  69 
5298.39 
5.304.85 
5.313.00 
5.315.13 
5.317.64 
5.320.58 
5.3.36.49 
5438.95 
.5.341.49 
5344.. 35 
5.352.13 
5355.11 
5364.49 
5365.62 

5.368.29 
5.369.78 

5.37.3^37 
.5.374.76 

5.376.87 


5392.78 


5.396., 32 
5,397.67 
5407.64 
5409.47 
5411.80 

54I6.59 
5420.00 
5422.98 
5424.86 
5426.87 
5429.89 
54.31.63 
54,39.77 
.5444.28 
5446.96 


+11 


+10 

+16 
+10 


+  7 
+  6 

+  6 


+  4 
+  4 
+  5 
+  6 
+  6 
+  6 
+  7 
+  7 
+10 
+10 
+11 
+11 
+12 
+13 
+15 
+15 

+16 
+16 

+17 

+17 
+17 

+18 


+21 

+22 
+23 
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+25 
+26 

+26 
+27 
+28 
+28 
+28 
+29 
+.30 
+30 
+31 
+31 


5193.44 


5214.10 
5216.47 


5226.52 

52.30.51 

52.34.64 
5236.51 
5239.74 


5251.85 
5270.68 
5279.73 
5298.44 
5.304.91 
5313.06 
5.315.19 
5317.71 
5.320.65 
5.3.36.59 
5.339.05 
.5.341.60 
5.344.46 
5352.25 
5355 . 24 
5.364.64 
5365.77 

5,368 '.45 
5.369.94 

5373! 54 
5374.93 
5377.04 


5.392.99 

5396.54 
5.397.90 
5407.89 
5409.72 
5412.06 

.5416'.  85 
5420.27 
5423.26 
.5425.14 
.5427.15 
54.30.18 
.54.31.93 
5440.07 
5444.59 
.5447.27 


Mean  Wave-Length 


Uncor- 
rected 
for 
Velocity 


90.57 

93.46 

95.55 

04.69 

11.00 

12.77 

14  12 

16.44 

17.78 

24.77 

26.55 

28.. 39 

30,50 

32.41 

33.76 

36.47 

39.73 

44.47 

46.96 

51.60 

70.52 

79.87 

98.14 

04.90 

12.90 

15.07 

17.58 

20.48 

36.74 

39.06 

41.55 

44.48 

.52.16 

55.22 

64.62 

65.76 

67.15 

68.48 

69.93 

71.41 

73.49 

74.78 

77.06 

78.27 

80.45 

81.90 

87.. 36 

92.98 

93.94 

96.52 

99.0 

07.74 

09.57 

12.07 

13.57 

16.77 

20.26 

23.22 

25.13 

26.95 

29.94 

.31.92 

40.06 

44.70 

47.31 


Velocity 


+23 

+23 

23 

+23 
23 
+23 
+23 
+23 
+23 
+23 
+23 
23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 
+23 


5190.80 

5193.69 

5195.8 

5204.9 

5211.23 

.5213.0 

5214. 35 

5216.67 

5218.0 

5225.0 

5226  78 

5228.6 

52.30.73 

52.32.6 

52.33.99 

52,36.70 

5239.96 

5244.70 

5247.19 

5251.83 

5270.75 

5280.10 

5298.37 

5305.13 

5,313.13 

5,315.30 

5317.81 

5320.71 

5.3.36.97 

5.3.39.29 

5341.78 

5344.71 

5a52..39 

5355.5 

5364.9 

5365.99 

.5367.38 

5368.71 

5370.2 

5371,64 

.5.373.7 

5.375.01 

5377.29 

5378.5 

5380.68 

5.382.1 

5387.6 

5393.21 

5394.2 

5396.75 

5399. ± 

5408.0 

5409.80 

5412.. 30 

5413.80 

5417.00 

5420.49 

5423.45 

5425,36 

5427.18 

5430.17 

5432.15 

5440.3 

5444.9 

5447.54 
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Plate  G  365 


wn  B 

nB 
nnD 
nnD 

nni) 
nnD 
nnB 
nnD 


from 

to 

nnD 

from 

to 

nb 
nD 
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nD 

nB 
nD 

nB 
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to 
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Mean 

Scale 

BeadiDg 


39.5588 


nnD 


nD 
nB 


39.4024 
39  3679 
39.2209 

sg.iiso 

39.0324 
38.9810 
38.9345 


38.5260 
38.4400 
38.3990 
38.3620 
38.2000 

ss^oiii 

37.9073 
37.8695 
37.7840 
37.7664 

37  .'6408 
37.6097 

37! 4633 

37.4086 

37.3146 

37.i296 


37.0860 

.37.0»:;40 

■r,  .'X.'.i) 
y,  'SMH 
;•;  8912 
>i.8469 


Wave- 
Length  by 
Formula 


nnD 

36.5070 

nnD 

36.4155 

from 

36..%Sf)0 

to 

36  .TO-10 

D 

36.2070 

36.2194 

to 

36.1200 

nB 

36 ! 6736 

nB 

35.ft300 

35.8754 


35.6579 
^.6220 


nB     35.5207 
n  B     35.4630 


t.m. 
5449.95 

5458  !68 
5459.89 
^67.82 

5473; 27 
5477.56 
5480.30 
5482.78 


54W.73 
5509.41 
5511.64 
5513.66 
5522.56 

5533!6i 
5538.81 
5540.92 
5545.68 
5547.26 


5553.77 
5555.53 


5563.84 
5566!97 


5572.35 
5583;63 


5585.49 
5586.79 
.T591.66 
5592.86 
5594.31 
55%  a-) 
5599.45 

5624.97 
5626.53 
.')«.■{  1.02 

5636.74 
5642.73 


5645.57 
5654.29 


5657.66 


5671.07 
5673.29 


5679.59 
56a3.20 


Cor. 
from 
Curve 


+53 

+54 
+54 
+54 

+55 
+55 
+55 
+56 


+56 
+55 
+55 

+54 
+54 

+54 
+53 
+53 
+53 
+52 

+52 
+51 

+56 

+50 

+56 

+49 


+48 
+48 
+47 
+47 
+46 
+46 
+46 

+42 
+41 
+41 
+40 
+40 
+40 
+39 


+38 
+37 


+37 


+34 
+34 


+33 
+31 


Wave- 
Length 


t.m. 

5450.48 

5458! 62 
5460.43 
5468.36 

5473.82 
5478.11 
5480.85 
5483.34 


5505.29 
5509.96 
5512.19 
5514.20 
5523.10 

5533.55 
5539.34 
5541.45 
5546.21 
5547.78 

5554.29 
5556.04 

5564!34 

5567  .'47 

5572.85 

5583.52 


5585.97 
5587.27 
5592.13 
5593.  a3 
5594.77 
5597.31 
5599.91 


Max 


Con.  { 


5619.91 
5625.38 
5626.94 
5632.02  liStecl 
5&34.28  i  10 
56.37.14  l'n..a(l 
5643.12      B 


5645.95 
5654.66 


5658.03 


5671.41 
5673.63 


5679.92 
5683.51 


Con.  ( 

Spetj 

'2' 
1 
2 
2 
1 


B 
nnD 


B 
nD 

nnB 

nnb 

nnD 

from 

to 

nnD 


nD 

nnD 
D 

from 

to 
nD 
D 
nB 
nD 
nD 

nn  B 
nD 


nD 
D 


Mean 

Scale 

Reading 


mm. 
40.3aY) 
40.2790 

46!i933 


Wavo- 
Leogtli  by 
Formula 


5450.49 
5455.90 


5460.35 


39.9759  5471.73 
39.9322 


39.8169 

39! 4944 
39.4079 
39.3740 
39.2000 
39.2344 


38.9910 
38.8300 
38.7.Ti'5 
38.6890 
38.5970 
38.5649 
38.4944 
38.4GJ5 
38.4297 
38.32.W 
38.2752 
38.235;) 

38!i686 


B 
B 

"lib 

nB 

nD 

wnD 

nnb 
from 
to 
D 

to 

nnD 

from 

nB 
to 

nn  D 
from 
to 

nB 
nD 
nB 
nB 
nD 
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38.0620 
37.9469 
37.9810 
37.9120 

37! 8789 
37.8008 


37.7512 
37.7005 
37.6714 
37.4997 

37! 2422 
37.1990 
37.1180 
37.(J807 
37.0310 
.'W.  92.7  J 
36.9044 
36.8850 

36!  728.3 
.36.7140 
.36.69fl3 
.3(i.67:iO 
36.4910 

36!4i79 
.36.-3878 
.36  .■t.'!84 
.■«5.2.'>9(J 
36.2249 


5480.12 

.5497  !3i 
.5.")01 .  96 
5503.79 
5.509.96 
5511. 35 


5524.  &3 
5.5a3.50 

.5.").38 .  80 
5.141.. 32 
.5540.45 
.').'>4S.2.3 
5552.19 
5553.81 
.5.5.55.82 
5.501.79 
.5.564 .  54 
5566.81 

5576!  6.3 


5576.68 
.5583.28 
5581.  a3 
5585.30 

.5.587!  26 
5591.71 

.5.594!  59 
5597.18 
.5.599.23 
5609.20 

.5624!  46 
.50:;7.a3 
5(i31.80 
50.34.09 
.5(>}7.(J(i 
5rn:i.44 
5044.08 
5645.85 

.56.5.-)!. 34 
.50.50.22 
.5fi57.29 
5(k58.71 
.5069.86 

.5674  !:i5 
5<}70.20 
.5fi79.27 
.5f!84.I9 
5686.31 


Cor. 
from 
Curve 


+32 
+33 

+3.3 

+35 
+35 

+36 

+38 
+.38 
+.38 
+38 
+38 


+39 
+.39 
+.39 
+.39 
+39 
+.39 
+.38 
+:58 

+;)8 
+:« 
+;s8 

+38 

+.38 

+38 
+.37 
+.37 
+37 

+37 
+37 

+.36 
+.36 
-1-36 
+34 

+.3.3 
+32 
+.32 
+31 

+:w 

+29 
+29 
+29 

+27 
+27 
+27 

+27 
+25 

+'i.3 

+23 
+22 
+2t 
+21 


Wave- 
Length 


5450.81 
5456.23 


.5472.08 
5474.38 

5486! 48 

5497! 69 
5502.. 34 
5.504.17 
5510.. 34 
5511.73 


5525.02 
5533.89 
,55.39.25 
.5541.71 
5.540.84 
5548.02 
55.52.. 57 
5.554.19 
55,50.20 
5502.17 
5,504.92 
5507.19 

557i!6i 


.5577.06 
.5583.65 
5581.70 
5585.67 

.5.587!  57 
5592.08 

5.594!  95 
5597.54 
5599.59 
5609.60 

5024! 79 
.5027.  a5 
50.32.18 
5riJ4.40 
.5(a7..36 
.5043.73 
.5044.97 
5646.14 


.56.55.61 
.5656.49 
56.57. 56 
.5(*58.98 
.5670.11 

.5674!  58 
5076.43 
.5079.49 
.5084.40 
5686.52 


Mean  Wave-Lenoth 


Velocity 


t.m. 
50.65 
56.22 
58.64 
60.56 

68., as 

72.07 
74.10 

78.13 
80.07 

8;)  ;J6 

97.08 

02. 33 

04.73 

10.15 

11.96 

14.22 

2:^.12 

25.01 

33.72 

.39,. 'JO 

41.. 58 

46.53 

48.21 

.52., 56 

54.24 

50.12 

02.16 

(54.03 

07.18 

67  49 

71.00 

72.87 

77.05 

83.59 

81.09 

85.06 

85.97 

87.42 

92.11 

93. -K 

94.80 

97.43 

99.79 

a).59 

19.93 

25.40 

27.15 

,32.10 

.34.. 'W 

.37.25 

43.43 

44.96 

40.13 

45.97 

.55.1 

.50.48 

.57.80 

58.97 

70,10 

71.43 

74.  (JO 

70.42 

79.71 

83.90 

86.51 


+24 
+24 

+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
424 
+24 
+  24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+24 
+25 
+2.5 
+2.5 
+25 
4-25 
+2.-. 
+2.5 
+25 
+25 
+2.5 
+25 


Corrected 

for 
Velocity 


t.m. 
5450.89 
5456.46 
5458.88 
5460.80 
.5408.62 
.54  72.. 31 
5474.. 34 
.54  78.. 37 
5480.91 
54a3.00 
.5497.92 
5.502.57 
.5,505,0 
5i510.4 
.5512.20 
.5.514.5 
,5.52.3.4 
.5.525.25 
,5533.90 
,5."):i9..54 
.5,541.8 
5546.8 
,5,548.45 
5552.80 
55.54.48 
5.550.36 
.5.562.40 
5504.87 
5507.42 
.5.5<;7.7 
5.571.24 
5573.1 
5577.29 
.5.583.  a3 
5,581.9 
.5.585.9 
5586.21 
5.587.00 
.5.592.  a5 
.5,593.6 
5595.10 
5597.07 
,5000.03 
,5009.  a3 
.5020.17 
,5025.64 
5027.4 
50.32,3 
.5IVJ4.58 
.50.37.49 
.5tH3.7 
.5()45.20 
.5040.4 
,5040.21 
,50,55 .  ,3 
.50.5(5.7 
.50.58.05 
.50.59.2 
.5070. 4 
.5071  .08 
5071.;il 
,5070,07 

.'.ot'.i.'.h; 

50H1  -Jl 
5686.76 
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115  SCHJELLERUP  —  Continued 


Inten- 
sity 


1 

2 

4 

"2 

7 

5 
1-2 


1-2 
2 


nB 
nD 
nB 
nB 

nB 
nB 
nB 
nD 

from 

to 


from 
Max 
to 

nB 

wnD 

nB 

nB 

nnD 

nnD 

nnb 
nnD 


nD 
nnD 
nnD 


35.2982 
35.2491 
35.2134 
35.1234 

35^0267 
34.9352 
34.8120 
34.7040 
34.6770 
34.5390 


34.3820 
34.3133 
34.2550 

34 .1602 
34.1017 
34.0310 
33.9660 
33.8890 
33.4122 

33^3192 
33.2180 


32.8919 
32.3880 
32.3010 


Wave- 
Leugth  by 
Formula 


5693.54 
5696.61 
5698.89 
5704.59 

5716! 76 
5716.61 
5724.54 
5731.52 
57,33.24 
5742.23 


5752.53 
5757.10 
5760.92 

5767.26 
5771.16 
5775.89 
5780.25 
5785.40 
5818.00 

5824. 4.5 
5831.46 


5a54.44 
5890.  &3 
5897.01 


+30 
-f-30 
+29 

+28 

+27 
+26 
+25 
+24 
+24 
+23 


+21 
+21 
+20 

+19 
+19 
+18 
+18 
+18 
+16 

+16 
+16 


+16 
+16 
+16 


Wave- 
Length 


5693.84 
5696.91 
5699.18 
5704.87 

57ii!t)3 
5716.87 
5724.79 
5731.76 
5733.48 
5742.46 


5752.74 
5757.31 
5761.12 

5767! 45 
5771.35 
5776.07 
5780.43 
5785.58 
5818.16 

5824 iei 

5831.62 


58.54.60 
5890.79 
5897.17 


Max 

i 


nB 

nB 
nB 
nD 

nB 
n  B 
nD 

from 

to 
nD 
nD 

B 

nD 

nn  B 

wnD 

nB 

nB 

wn  D 

nnD 


nn  D 
nnD 


Mean 

Scale 

Reading 


36.1055 

36 '62,36 
35.9313 
.35.8845 

35^7467 
35.6236 
,35.5107 
35.4920 
35.3500 
,35.. 3277 
35.2492 

35"ii66 

.35 '6335 
.34.9640 
.34.9088 
34.8289 
.34.7605 
.34.7040 

34.1.332 


33.7,510 
.33.7283 


Wave- 
Length  by 
Formula 


.5698.90 

5704.72 
5707.67 

sne'so 

5724.28 
5731.53 
5732.74 
5741.93 
5743.. 37 
5748.48 

5757 !i9 

5762! 62 
5767.21 
5770.85 
5776.17 
5780.72 
5784.50 


5849.83 
5851.42 


Cor. 
from 
Curve 


+20 

+i9 
+18 
+18 

+16 
+14 
+14 
+13 
+12 
+12 
+11 

+io 

+■9 

+  9 

+  8 

+  8 

+  8 

+  7 

+  '6 


Wave- 
LeDgth 


5693.97 

5699! 09 
5704.90 
5707.85 

57i6!96 
5724.42 
57.31.67 
5732.87 
5742.05 
5743.49 
5748.59 

5757! 29 

5762 !7i 
5767.. 30 
5770.93 
5776.25 
5780.80 
5784.57 

5823^32 


5849.89 
58.51.48 


Me-^n  Wave-Length 


Velocity 


Velocity 


t.m, 

93.91 
96.93 
99.14 
04.89 
07.84 
11.05 
10.92 
24.61 
31.72 
a3.18 
42.26 
43.48 
48.58 
52.76 
57.30 
61.14 
62.70 
67.38 
71.14 
76.16 
80.62 
84.. 58 
18.18 
23.. 31 
24.63 
31.64 
49.88 
.51.47 
.54.62 
90.81 
97.19 


+25 

+25 
+25 
+25 

+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 
+25 


5694.16 

5697.18 

5699.39 

5705.14 

5708.09 

5711., 30 

5717.17 

5724.86 

5731.97 

57.33.5 

5742.6 

5743.73 

5748.83 

5753.0 

5757.. 55 

5761.4 

5762.95 

5767.63 

5771.39 

5776.41 

5780.87 

5784.83 

5818.43 

5823.56 

5824.88 

58,31.89 

5850.13 

5851.72 

5854.87 

5891.06 

5897.44 


327 


78 


The  Spectra  of  Stars  of  Secchi's  Fotrth  Type 
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1899,  March  31.  G.M.T.  20*7.    Hour  angle.  W  2b7 
Star  good ;  comparison  good 


Inten- 
sity 


Spec,  b 

2-3 

3 


1 
1 
4 
1 
2 
2 
2 

1-2 
6 
1 
1 


1 

4^ 


5 
Con. 


Spec. 


Unre-J 
solv'd  1 


Unre- ' 
solv'd  ■ 


2  3 


1 

1 
1-2 

1 

6 

4 
1-2 


egins 

B 

nD 

from 

to 

nD 

nD 

nD 

B 

B 

nD 

nD 

nnD 

wD 

nD 

nnD 


nD 
wnD 


B 

wn  D 

nD 

B 

from 


wn  B 

wn  B 

nD 

nD 

from 


D 

from 
to 

nb 


nn  D 


nnD 

B 

wn  D 

nn  D 

nD 

B 

nn  D 


Mean 

Scale 

Beading 


mm. 
58.9690 
58.&310 
58.4912 
58.5770 
58.2540 
.58.1867 
58.09.33 
57.9,313 
57.&350 
57.4832 
57.. 3827 
57.29.37 
57.1416 
56.85.32 
56.7420 
56.4200 


56.2754 
56.1260 


55.7027 
55.6427 
55.5430 

55!  4.50.3 
55.41.30 


54.9770 
54.7200 
54.6613 
54.. 5.512 
54.5220 


.54.2850 
54.2598 


54.1951 
.54.1600 
53.5890 

53.4888 


53.. 3745 


.52.9640 
52.9KX) 
52.8.">77 
.52.7749 
.52.6402 
.52.5804 
.5205.12 


Wave- 
Length  by 
Formula 


t.m. 
4.396.20 
4402.40 
4405.05 
4403.40 
4409.50 
4410.75 
4412.51 
4415.57 
4421.02 
4424.10 
4426. 03 
4427.75 
4430.69 
44.36.28 
44.38.46 
4444.80 


4447.64 
4450.60 


4459.09 
4460.30 
4462.. 30 

4464.19 
4464.95 


4473,  (X) 


4473.90 
4479.20 
4480.. 38 
4482.67 
4483.28 


4488.20 
4488.76 


4490.12 
4490.86 
4502.98 

4565! i3 


4507.58 


4516.48 
4517.66 
4518.80 
4520.62 
4523.58 
4524.89 
4536.66 


Cor. 
from 
Curve 


Wave- 
Length 


-42 
-42 
-44 

-44 


4.396.10 
4402.28 
4404.92 
44tt3.28 
4409.35 
4410.59 
4412.. 34 
4415.39 
4420.82 
4423.89 
4425.81 
4427.52 
4430.45 
4436.02 
44,38.18 
4444.50 


4447.33 
4450.28 


-35  4458.74 
-36  4459.94 
-36        4461.94 


4463.82 
4464.58 


4472.62 


4473.52 
4478.80 
4479.98 
4482.26 
4482.87 


4487.78 
4488.34 


4489.70 
4490.44 
4502.54 

4564! 69 


4507.14 


4516.04 
4517.22 
4518.36 
4.520.18 
4.523.14 
4524.45 
4536.23 


1900,  April  4,  G.M.T.  nW.    Hour  angle,  W  2ti7 
Star  excellent;  comparison  good 


Inten- 
sity 


Beprins 

2 


^) 


3-4 

1' 


1 

2  3 

1 

2  3 
1 


n  B 


nD 
nnD 


nD 

nD 

wnD 


nD 


nD 
nD 


wn  D 

"b 


nD 
nD 


nD 


nD 
nn  D 


nD 

nn  B 

nD 

nn  B 
nn  D 

nnb 


nD 
B 


Mean 

Scale 

Reading 


mm. 
61.7570 
61.4442 

ei'.iioo 

61.0700 
60.7711 


60.1277 
60.0007 
59.7280 

59!277i 


59.1274 


58.7.524 
58.6200 


58.4201 
58!.3i92 


58.1140 
57.9535 


57.4410 


57. 34 13 
.57.2196 


57.1107 

56.. 52.55 
.56.4.500 
.56.. 3958 

,50 !. 34.54 
56.2874 

56!  6,377 


55.. 56.52 
.55.4965 


Wave- 
Lengtb  by 
Formula 


4397.10 
4402.89 


4403. GO 
4410.10 


4412.93 
4415.73 


4428.24 
4430.72 
44.36.20 


4455.71 
4458.41 


4462.51 
4464! 58 


4468.83 
4472.16 


4482.95 


4485.03 
4487.62 


4502., 54 
4504.18 
4505.. 36 

4.506!  46 
4507.73 

45i.3!2i 


4523.69 
4.525.16 


Cor. 
from 
Curve 


-18 
-20 


-25 
-25 
-27 

-29 


-29 


-35 


-.36 

-37 
-.37 
-,37 

-.37 
-.37 

-38 


Wave- 
Lengtli 


4396.93 
4402.71 


4403.42 
4409.90 


441-2.73 
4415.52 


4427.99 
44,30.47 
4435.93 

4444! 80 


4447.82 


4455.40 
4458.10 


4402.19 
4464! 26 


4468.50 
4471.83 


4482.60 


4484.68 
4487.27 


4489.-58 

4,562!  17 
4.503.81 
4,504.99 

4,566!  69 
4,507.. 30 

45i2!8,3 


4523.31 
4524.78 


328 


George  E.  H.\le,  Ferdinand  Ellerman,  and  J.  A.  Parkhurst 


79 


152  SCHJELLERUP 


Pl.\te  .\  313 

PL.4TE  A  319 

1902,  February  10,  G.M.T.  lxb3.    Hour  angle,  E  2t'8 

190 

2,  February  18.  G.M.T.  ITM.    Hr 

ur  angle,  E  31)0 
n  good 

Mean  Wave-Length 

Star  good;  comparison  good 

Star  excellent;  comparisc 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

mm. 

t.m. 

t.m. 

mm. 

tm. 

t.m. 

96.52 

-  1 

t.m. 
4396.5 

02.71 

-   1 

4402.70 

04.92 

-   1 

4404.91 

03.35 

-   1 

44a3.3 

09.63 

-   1 

4409.6 

10.59 

-   1 

4410.58 

2 

D 
nnb 

35.2114 
36! 4720 

4413.02 

4428 '.40 

-70 
-67 

44i2.32 
4427.73 

12.46 
15.46 
20.82 
23.89 
25.81 
27.75 

-  1 

-  1 

-  1 

-  1 

-  1 

-  1 

4412.45 
4415.45 
4420.81 
4423.88 
4425.80 
4427.74 

nnD 

36.7110 

4431.39 

-66 

4430.73 

30.55 
35.98 

-  1 

-  1 

44,30.54 
44.35.97 

2 

nD 

37.3194 

4438.98 

-65 

4438.33 

38.26 

-   1 

44.38.25 

nnD 

39.7434 

4444.63 

+  9 

4 

444.72 

wnD 

37.8153 

4445.23 

-64 

4444.59 

44.65 

-   1 

4444.64 

'', 

B 

37.8728 

4445.96 

-63 

4445.33 

45.33 

-   1 

4440..32 

9, 

D 

37.9097 

4446.43 

-63 

4445.80 

45.80 

-   1 

4445.79 

1 

nB 

37.9552 

4447.01 

-m 

4446.38 

46.38 
47.58 
50.28 
55.40 
58.10 
58.74 

-  1 

-  1 

-  2 

-  2 

-  2 

-  2 

4446.37 

4447.57 

4450.3 

4455.. 38 

44.58.08 

4458.72 

[ 

59.94 

-  2 

4459.92 

..1     

62.07 

-  2 

4462.05 

1 

nD 

39,2880  1  4464.14 

-58 

44a3.56 

&3.56 

-  2 

44&3.54 

); 

Tl  R 

41.2680 

4464.30 

+  5 

4464.35 

2 

nB 

39.3297  1  4464.68 

-58 

4464.10 

64.11 

-  2;  4464.09 

nD 

41.. 3094 

4464.85 

+  5 

4464.90 



64.. 58 
64.90 

-  2    4464.6 

-  2'  4464.88 

68.50 

-  2    4468.48 

71.83 

-  2    4471.81 

72.62 

_  2 

4472.6 

1 

nB 

39.9765 

4473.14 

— oo 

4472.59 

72.59 

-  2 

4472.57 

2 

D 

40.0205 

4473.72 

—  00 

4473.17 

73.17 

-  2 

4473.15 

3 

nB 

40.0547 

4474.18 

— oo 

4473.63 

73.58 
78.80 
79.98 

-  2 

-  2 

-  2 

4473.56 

4478.78 
4479.96 

2 

nD 

40.7209 

4483.02 

-52 

4482.50 

82.45 
82.87 

_  2 
-  2 

4482.43 

4482.9 



1 

nD 
nnD 

40.9565 
41.0800 

4486.17 
4487.83 

-51 
-50 

4485.66 
4487.33 

85.17 
87.30 
87.78 

-  2 
_  2 

-  2 

4485.15 
4487.28 
4487.8 

1 

nB 

41.1350 

4488.57 

-50 
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_  2 

4488.19 

^-•^ 

D 

41.1630 

4488.95 
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Jl^-'   1.". 
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-  2 

4488.43 

::::::: 

1 
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41.19.32 
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4489.35 
4490.10 

-49 
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89.63 
90.44 
02.17 
03.81 
04.84 

-  2 

-  2 

-  2 

-  2 
_  2 

-  2 

4488.84 

4489.61 

4490.4 

4502.15 

45a3.79 

4504.82 

3 

nD 

42.39.50 

4.505.73 

-44 

4505.29 

05.29 

-  2 

4505.27 

2 

nB 
nnD 

42.1478      4.")1)G.45 
42  ."..■','.1.',      1. ",117.72 

-44 
-44 

4.506.01 
4507.28 

06.05 
07.26 

-  2 

-  2 

4.506.03 

4.507.24 

3 

nD 

42.7:i4i)     4.M0.41 

-43 

4509.98 

09.98 
12.83 

-  2 

4509.96 
4.512.81 

16  04 

-  2 

4516.02 

17.22 

-  2 

4517.20 

nD 

43.3162 

4518.53 

-40 

4518.13 

18.25 
20.18 
23.23 

-  2 

-  2 

-  2 

4518.23 
4520.16 
4523.21 

1 

nB 

45.7022  1  4524.74 

+  1 

4524.75 

3 

B 

43.7754 

4524.99 

-3i" 

4.524.62 

24.65 

-  2 

4524.63 

36.23 

-  2 

4536.21 
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Id  ten- 
sity 


1 

1-2 


2 
Max 


Max 
1-2 
2 
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nB 

nB 

nb 

wn  D 


nB 
nD 


nD 

nb 
nB 
nD 
nB 


nnD 
nnB 


Mean 
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Reading 


nnD 
B 


B 

D 

nB 

nD 

B 

D 

nD 


nD 


51.9974 
si; 9255 
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si! 6280 


51.5481 
51.4797 


50.9920 

so! 8720 
50.8120 
50.7657 
50.6820 


£0.1380 
50.0925 


49.4420 
49.3580 


48.8170 
48.7710 
48.7111 
48.6600 
48.5962 
48.5.'MfJ 
48.4222 


47.8027 


Wave- 
Leni^th  by 
Formula 


t.m. 
4537! 86 
4539! 48 
4546! 70 
4543! 94 


4548.02 
4549.57 


4560.77 

4563! 55 
4564.94 
4566.02 
4567.98 


4579.32 


4580.79 
4581.87 


4588.43 


4594.25 


4597.50 
4599.54 


4012  HI 
461.!. !»1 
461.".  j:! 
4616  70 
401 H .  21) 
401!).  74 
4622.63 


4638.30 


Cor. 
from 
Curve 


-41 
-41 


-38 

-38 
-38 
-37 
-37 


-34 


-33 


•31 


Wave- 
Length 


t.m. 
4537! 44 
4539! 06 
4546! 28 
4543!53 


4547.61 
4549.16 


4560.39 

4.563!  i? 
4564.56 
4565.65 
4567.61 


4578.98 


4580.45 
4581.53 


4588.10 


4593.94 


4597.19 
4599.24 


•H;i2..>! 
lOK!  07 
•l<;i.-,  h; 

•1010.  It 

•loH.o:! 

401!).  4H 
4622.38 


4638. 0!> 


Plate  Q  3M 
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sity 


B-^ 


1 
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nD 


wD 

nB 

wD 

wnD 


D 
nb 
nb 

from 
to 

n  b 
nb 
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n  D 

"b 


nD 


n  D 

n  I) 

15 

1) 

n  D 

n  D 


Mean 

Scale 

Reading 


mm. 
54.9510 


54.8170 
54.7986 


54.5651 
54.4856 
54.4166 
54.2770 


53.9320 
53! 8097 
53!76i2 

53! 4990 
53!i876 

53!i6i6 

52! 9990 


52.7520 


52.5790 
52.5471 


52.4862 


52.2643 


51.7387 

f)i!fm3 
.->i.r,7Ui 

51.510!) 
51.4(X)0 
51.2770 


Wave- 
Lengtb  by 
Formula 


t.m. 
4537.60 


4540.60 
4541.02 


4546,37 
4548.20 
4549.80 
455;}.  04 


4561.08 
4563! 96 
4566! 52 

457i!32 
4578! 77 

4586! 84 
458.3!  30 


4589.28 


4593.50 
4594.28 


4595.77 


4601.23 


4614.32 

46i6!82 
4018.52 
4619.90 
4622.88 
4626.00 


Cor. 
from 
Curve 


-38 


-37 
-37 
-36 

-36 
-35 

-35 
-34 


-33 


Wave- 
Lcngtli 


4537.22 


4540.22 
4540.64 


4545.99 
4547.82 
4549.42 
4552.67 


4560.71 
4563! 59 

4566! ie 

4576! 96 
4578! 42 

4586! 40 
4582! 96 


4593.17 
4593.95 


4595.44 


4000.91 


4614.03 

46i6!53 
4618.24 
4619.62 
4622.60 
4625. 7:1 
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Plate  A  313 

Plate  A  319 

Mean  Wave-Length 

Inten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

In- 
ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

Uncor- 
rected 
for 
Velocity 

Cor. 
for 
V 

Corrected 

for 
Velocity 

mm. 

t.m. 

t.m. 

mm. 

t.m. 

t.m. 

t.m. 

-  2 

t.m. 
45.37.2 

1 

nB 

46.6190 

4537.87 

+  1 

4537.88 

2-3 

nB 

44.6949 

45.38.11 

-32 

4537.79 

37.70     - 

-  2 

45.37.68 

2 

nD 

46.6693 

4538.60 

-t-  2 

4538.62 

5 

D 

44.7372 

4538.72 

-32 

4538.40 

38.51 

-  2 

4538.49 

1 

nB 

46.7195 

4539.32 

+  2 

4539.34 

8 

B 

44.7878 

45.39.45 

-31 

4539.14 

39.18 
40.22 

-  2 

-  2 

4539.16 
4540.2 

nnD 

44.8790 

4540.77 

-31 

4540.46 

40.46 

-  2 

4540.44 

2-3 

nD 

45.0277 

4542.92 

-30 

4542.62 

43.08 
43.53 

-  2 

-  2 

4543.06 
4543.51 

1 

nB 

45.1307 

4544.41 

-29 

4544.12 

44.12 

_  2 

4544.10 

1 

D 

45.1970 

4545.. 38 

-29 

4545.09 

45.54 

-  2 

4545.5 

2 

nB 

47.3029 

4547.82 

+  2 

4547.84 

6 

B 

45.3773 

4548.00 

-28 

4547.72 

47.75 
49.29 
52.67 

-  2 

-  2 

-  2 

4547.73 
4549.27 
4552.65 

1 

nB 

47.8705 

4556.17 

+  3 

4556.20 

1 

nB 

45.943i 

4556.30 

-25 

4556.05 

56.05 

-  2 

4556.03 

1 

n  B 

46.1360 

4559.10 

-23 

4558.87 

58.87 

-  2 

4558.85 

nnD 

46.1780 

4559.80 

-22 

4559.58 

60.23 

-  2 

4560.21 

1 

nB 

46.3627 

4562.51 

-22 

4562.29 

62.29 

-  2 

4562.27 

1 

D 

46.4690 

4564.20 

-21 

4563.99 

63.58 

-  2 

4563.56 

2 

nB 

48.4499 

4564.80 

+  5 

4564.85 

3-4 

nB 

46.5230 

4564.90 

-21 

4564.69 

64.70 

-  2 

4564.68 

5 

D 

46.5964 

4565.99 

-20 

4565.79 

65.87 

-  2 

4565.85 

1 

nD 

48.6107 

4567.21 

+  5 

4567.26 

2 

D 

46.6857 

4567.33 

-20 

4567.13 

67.20 

_  2 

4567.18 

2 

nB 

48.6497 

4567.80 

+  5 

4567.85 

3 

B 

46.7274 

4567.95 

-20 

4567.75 

67.74 

4567.72 

1 

nB 

48.8192 

4570.34 

+  5 

4570.39 

3 

B 

46.8945 

4570.45 

-19 

4570.26 

70.. 33 
70.96 

-  2 

-  2 

4.570.31 
4570.9 

2 

D 

47.3845 

4577.85 

-16 

4577.69 

77.69 
78.42 

-  2 
_  2 

4577.67 

4578.4 

1-? 

B 

47.4429 

4578.74 

-16 

4578.58 

78.78 

-  2 

4578.76 

1 

nD 

49.4009 

4579.16 

+  7 

4579.23 

2 

D 

47.48.32 

4579.35 

-16 

4579.19 

79.21 

-  2 

4579.19 

1-2 

B 

47.5162 

4579.85 

-16 

4579.69 

79.69 

-  2 

4579.67 

2 

nD 

49.4940 

4580.59 

+  7 

4580.66 

4 

D 

47.5667 

4580.62 

-15 

41580.47 

80.52 

-  2 

4580.50 

?, 

B 

47.6152 

4581.36 

-15 

4581.21 

81.37 

-  2 

4581.35 

1 

B 

47.7889 

4584.01 

-13 

4583.88 

82.96 

83.88 

-  2 

-  2 

4582.94 
4583.86 

nb 

47.8447 

4584.86 

-i2 

4584.74 

84.74 

-  2 

4.584.72 

2 

D 

47.9517 

4586.50 

-11 

4586.39 

86.39 
88.95 

-  2 

-  2 

4586.37 
4588.9 

9. 

B 

48.1270 

4589.19 

-10 

4589.09 

89.09 

-  2 

4589.07 

nnD 

50.0940 

4589.81 

+  8 

4589.89 

3 

D 

48.1742 

4589.92 

-10 

4589.82 

89.86 

-  2 

4589.84 

1 

nB 

48.2210 

4590.65 

-  9 

4590.56 

90.56 

-  2 

4590.54 

2 

nnD 

50.1904 

4591.30 

+  9 

459i.39 

2 

D 

48.2588 

4591.23 

-  8 

4591.15 

91.27 

_  2 

4591.25 

1-2 

nB 

50.2325 

4591.95 

+  9 

4592.04 

3 

B 

48.3040 

4591.93 

-  8 

4591.85 

91.95 
93.17 

-  2 
_  2 

4591.93 
4593.2 

4-5 

D 

48.4403 

4594.03 

-  8 

4593.95 

93.95 

-  2 

4593.93 

c 

from 

48.4810 

4594.70 

-  7 

4594.63 

94.63 

_  2 

4594.6 

R 

95.  i4 

-  2 

4595.42 

to 

48.5650 

4596.00 

-  7 

4595.93 

95.93 

-  2 

4595.9 

4- 

nD 

48.6163 

4596.77 

-  6 

4596.71 

96.71 

_  2 

4596.69 

1 

D 

48.6999 

4597.64 

-  6 

4597.58 

97.39 
99.24 
00.91 

-  2 

-  2 

-  2 

4597.37 
4599.22 
4600.89 

1 

nB 

48.9722 

4602.32 

-  3 

4602.29 

02.29 

_  2 

4602.27 

nnD 

49.0083 

4602.88 

-  3 

4602.85 

02.85 

-  2 

4602.83 

49.2316 

4606.39 

0 

4606.39 

06.39 

-  2 

4606.37 

nD 

49.3930 

4608.93 

+  1 

4608.94 

08.94 

-  2 

4608.92 

2 

D 

49.5517 

4611.44 

+  2 

4611.46 

11.46 

-  2 

4611.44 

?, 

B 

49.5840 

4611.95 

+  2 

4611.97 

12.25 

-  2 

4612.23 

3 

D 

49.7190 

4614.10 

+  4 

4614.14 

13.95 
15.16 

—  2 

-  2 

4613.93 
4615.14 

4 

B 

51.8908 

4618.08 

+16 

4618.24 

8 

wD 

49.8564 

4616.28 

+  4 

4616.32 

16.44 

-  2 

4616.42 

3-4 

D 

51.9645 

4619.23 

+16 

4619.39 

5 

B 

49.9700 

4618.10 

+  t> 

4618.15 

18.17 

-  2 

4618.15 

4-5 

nD 

50.0.348 

4619.13 

+  5 

4619.18 

19.42 
22.49 
25.73 

_  2 
-  2 

4619.40 
4622.47 
4625.71 

1 

nB 

52.5785 

4629. i8  I  +18 

4629.36 

29.36 
38.09 

-  2 
_  2 

4629.34 

4638.07 
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Inten- 
sity 


4 
5  6 


Max 


Max 


Max 
Max 


1-2 

1 
1-2 


2-3 
5 
4 


1-2 
1 


Mean 
Scale 
Keading 


47.7669 
47.7045 


No  detai  Is  in   blue 


wD 
from 


to 

wD 
Head 


nD 

B 

nn  D 


nD 

B 

nD 


nnD 
B 


nD 
nD 


nD 


44.1820 
44.1180 
44.0790 
44.0160 

43! 8840 
43.aS40 
43.7430 
43.6758 
43.6242 


43.3482 


42.3345 
42! 2206 


41.5465 
41.3.355 
41.3007 


41.1665 
41.0973 
41.0302 


40.6867 
40.&368 


40.4305 
40.3065 


40.2020 


Wavo- 
Length  by 
Formula 


t.n 


4639.22 
4640.82 
band 
4736.50 
4738  35 
4739.47 
4741.30 

4745 !i2 
4746.58 
4749.24 
4751.19 
4752.70 


4760.84 


4791.39 
4795! 89 


4815.91 
4822.59 
4823.69 

4825! 87 

4827! 97 
4a30.19 
4832.34 


4843.45 
4845.07 


4851,82 
4855.93 


-21 
-20 

+  '8 
+  8 
+  8 
+  8 

+i6 
+10 
+11 
+11 
+11 


+13 


+1G 


+18 
+i8 


+20 
+20 
+20 

+26 

+26 
+20 
+20 


+19 

+18 


+17 
+17 


+16 


Wave- 
Length 


4639.01 
4640.62 

4736! 58 
4738.43 
4739.55 
4741.38 

4745! 22 
4746.68 
4749.35 
4751.30 
4752.81 


4760.97 


4791.57 
4796! 07 


4816.11 
4822.79 
4823.89 

4826! 07 

4828 !i7 
4830.39 
4832.54 


4843.64 
4845.25 


4851.99 
4856.10 


4a59.52 


Inten- 
sity 


3 

4-5 


0-1 
Max-! 


2-3 

i' 


from 

47.0840 

to 

46.9020 

B 

46.8439 

to 

46.7800 

wD 

46.7093 

Head 

46.6466 

nB 
nD 


nD 
nB 


nB 
'n!B 


nnD 


nB 

nb 

nB 

D 


B 
nnb 


.Scale 
Reading 


50.7557 
50.6933 


47.1154 


46.4490 
46.3903 


45.9100 
45.8620 


45.7700 
45.6740 


45..'i800 
45! 2600 


44.5980 


44.2948 

44! 2250 
44.1494 
44.0887 


43.3169 
43! 2659 


Wavc- 
Length  by 
Formula 


Cor. 
from 
Curve 


4639.39 
4641.01 


4739.50 

4740! 42 
4745.76 
4717.46 
4749.34 
4751.43 
4753.29 


47.^9. 18 
4760.93 


4775.43 
4776.89 


4779.70 
4782.64 


4791.71 
4795! 44 


4816.28 


4828.24 
4830.68 
4832.65 


4843.49 


4858.03 
48.^.9!  74 


_  2 

-'2 

-  1 

-  1 
0 
0 
0 


+  1 
+  1 


+  3 

+  3 


+  3 
+  3 


+  4 
+  '4 


+  r. 


+  5 

+  ■5 
+  5 
+  5 


+  5 


+  4 
+  ■4 


4639.15 
4640.77 


4739.48 

4740! 40 
4745 . 75 
4747.45 
4749.34 
4751.43 
4753.29 


4759.19 
4760.94 


4775.46 
4776.92 


4779.73 
4782.67 


4791.75 
4795! 48 


4828.29 
4830.73 
48.32.70 


4843.54 


4858.07 
4859! 78 
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nB 
nnD 


Mean  Wave- 

Scale        Length  by 

Reading      Formula 


D 

Head 
nD 

'  B 
nD 

wn  B 

D 

nB 

nnD 
n  B 
nD 

nb 

nB 
nD 

nnb 

B 

nD 

nD 

nnD 


nnD 
nD 
nnD 
nnD 
nnD 

nnD 
from 

to" 
nD 
nB 
nD 

from 

to 

nnD 
nB 
from 
to 

nnD 


Con.   C  from 

to' 
nD 
nB 


53.1800 
53.2M7 


.59.5727 
.59.6-144 
.59.8052 

,59.85i6 
59.9817 
G0.04G5 
00.1.305 
GO. 1845 
GO  2373 
60.2969 
GO. 3.575 

Go'ieis 

60 '794,3 
60.8794 


61.0210 
61.1822 
61.2984 
61.. 3982 
61.5.374 


62.0592 
62.2115 
62. 3107 
62.4029 
62.8620 

63 .25.3.5 
63.2930 


63.3985 
63.4.327 
63.. 5830 
G3.6652 
63.7715 

64! 1420 
64.20.53 
64.2782 
64.. 31.35 
64.56.50 
64.5997 


64.8325 


64.94.55 
64.9647 
65.0206 


46.39.01 
4G40.07 


4751.44 
4752.79 

4755.82 


4756.69 
4759.17 
4760.40 
4762.00 
4763.03 
4764.03 
4765.17 
4766.33 

4768 '..32 

4774.7.3 
4776.38 

4779.12 

4782.26 
4784.52 
4786.48 
4789.21 


4799.52 
4802.55 
4804.53 
4806.37 
4815.62 


4823.57 
4824.38 


4826.54 
4827,24 
48,30.32 
48.32.02 
48.34.21 


4841.90 
4843.22 
4844.74 
4845.48 
48,50.75 
4851.48 


4856.39 


48.58.79 
48.59.20 
4860., 38 


Cor. 
from 
Curve 


+20 
+20 


+35 

+,35 
+36 

+.36 
+36 
+.36 
+,36 
+,36 
+.36 
+.36 
+,36 

+.36 

+.36 

+37 

+.37 
+.37 

+.37 
+.37 
+37 


+37 
—37 
—.37 
—37 
+37 

+37 
+37 

+.37 
+.37 

+37 
+,37 
+37 

+,37 
+37 
+37 
+36 
+,36 
+36 

+36 

+36 
+,36 
+.36 


Wave- 
Lengrth 


46,39.21 

4640.27 

475i'.79 

4753.14 

4756.18 

47.57!  05 

4759.53 

4760.76 

4762.36 

4763.39 

4764.39 

4765.53 

4766.69 

4768! 68 

477,5 '.09 

4776.75 

4779! 49 

4782.63 

4784.89 

4786,85 

4789.58 

4799'.  89 

4802.92 

4804.90 

4806.74 

4815.99 

482.3!  94 

4824.75 

4826! 91 

4827.61 

48.30.69 

48.32.39 

4834,58 

4842! 27 

4843,59 

4845.11 

4845,84 

48.51.11 

4851.84 

4856! 75 

4859 !i5 

4859.56 
4860.74 

nB 
wD 


Mean 

Scale 

Reading 


wD 
Head 
nB 
nD 
nB 
nD 
wn  B 

"b 

nD 

n'b 
nB 

n'B 
nB 

nB 

n'B 


nD 
nnb 


nD 
nD 
nD 

n'b 
B 


nD 

nB 

D 


51,2.564 
51.3495 


57.&313 
57.7213 
57.8.319 

57,8842 
57.9359 
58,0,577 
58.1228 

58! 2691 
58.3085 


58.4280 
58.5080 


58.5907 
58.8769 


59.0264 
59! 2639 

59!  6.324 
59! 7952 


60.. 3925 
60.4774 
60.9689 

ei!. 3.327 
61.4160 


61.5210 
61.6592 
61,7464 

62! 0692 

62! 2755 


46.38.. 58 
4640.44 


4750.76 
4752.45 
4754.53 
4755,52 
4756.50 
4758.80 
4760.04 


4762,82 
4763.57 


4765.  a5 
4767.. 38 

4768! 96 

4774.47 

4777!, 36 

4781 ! 97 

4789! 18 
4792!. 37 


4804.23 
4805.91 
4815.80 

4823 !i9 
4824.89 


4827.04 
4829.87 
4831.67 

4838! 34 

4842! 63 


Cor. 
from 
Curve 


+16 
+17 


+55 
+56 
+56 
+56 
+56 
+56 
+57 

+57 
+57 

+57 
+58 

+58 
+59 

+59 

+60 


+60 
+60 


+62 
+62 
+62 

+62 
+62 


+62 
+62 
+62 

+61 

+61 


Wave- 
Length 


46,38.74 
4640.61 


4751.. 31 
4753.01 
4755.09 
4756.08 
4757.06 
4759.. 36 
4760.61 


47&3,.39 
4764.14 


4766,42 
4767.96 


4769.. 54 

4775.06 

4777! 95 

4782! 57 

4789! 78 
4792! 97 


4804.85 
4806., 53 
4816.42 

4823! si 
4825.51 


4827.66 
4830.49 
4832.29 

48,38!  95 

484,3!  24 


Mean  Wave-Length 


t.m. 
.38.98 
40.57 


.36.58 
38.43 
39.52 
41.38 
40.40 
45.49 
47.07 
49.. 35 
51.61 
53.08 
55.09 
56,13 
57,06 
59.36 
60.82 
62.36 
63,39 
64.27 
65.47 
66.56 
67.96 
68.68 
69.60 
75.20 
76.84 
77.95 
79.61 
82.62 
84.86 
86.85 
89.68 
91,66 
92,97 
95.78 
99.89 
02.92 
04,88 
0G.64 
16.17 
22.79 
23.88 
24.75 
25.87 
26.91 
27.92 
30.58 
,32,48 
.34.58 
,38.95 
42.27 
43.50 
45.18 
45.84 
.51.11 
.51.93 
56.10 
56.75 
58.07 
.59.15 
59.67 
GO,  74 


_  2 
-  2 


-  2 

-  2 
_  2 

-  2 

-  2 

-  2 

-  2 

-  2 

-  2 

-  2 


-  2 

-  2 
_  2 
_  2 

-  2 

-  2 

-  2 

-  2 

-  2 

-  2 


Corrected 

for 
Velocity 

t.m. 
4638.96 
4640,55 


47.36.6 

4738.4 

47.39.50 

4741.3 

4740.4 

4745,4 

4747.05 

4749.3 

4751.59 

4753.06 

4755.07 

4756,11 

4757,04 

4759.34 

4760.80 

4762.. 34 

4763.. 37 

4764.45 

4765.45 

4766,. 54 

4767.94 

4768.66 

4769., 58 

4775,18 

4776,82 

4777.93 

4779,59 

4782.60 

4784.84 

4786.83 

4789.66 

4791,64 

4792,95 

4795,76 

4799.87 

4802.90 

4804,86 

4806,62 

4816.15 

4822.77 

4823,86 

4824.7 

4825.85 

4826.9 

4827.90 

4830.56 

48.32,46 

48,34.6 

48.38.93 

4842.3 

4843,48 

4845.16 

4^*45.8 

4851.1 

4851.91 

4856.08 

4856,7 

4858.05 

48.59,1 

4859.65 

4860.72 
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Plate  G  316 

Plate  G  394 

Id  ten- 
sity 

Char- 
acter 

Mean 

Scale 

Reading 

"Wave- 
Lenpth  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Leugth 

Inten- 
sity 

Char- 
acter 

Moan 

Scale 

Reading 

Wave- 
Length  by 
Formula 

Cor. 
from 
Curve 

Wave- 
Length 

1 
1 

nD 
nD 

40.1160 
40.0289 

t.m. 
4862.22 

4865.10 

+16 
+15 

t.m. 
4862.38 
4865.25 

1 

1 

1 

nD 

nD 

nnD 

43.1853 
43.1040 
43.0128 

t.m. 

4862.43 
48&5.16 
4868.23 

+  4 
+  3 
+  3 

t.m. 
4862.47 
4865.19 
4868.26 

i' 

2 
1 
2 
5 
5 

"b 

D 
D 
B 
D 
B 

39!849i 
39.7203 
39.&320 
39.6013 
39.5428 
39.4800 

4871.11 
4875.44 
4878.42 
4879.46 
4881.44 
4883.57 

+14 
+13 
+12 
+12 
+12 
+12 

4871.25 
4875.57 
4878.54 
4879.58 
4881.56 
4883.69 

4 

r 

4' 
3 

D 

'  b 

wb 

B 

42!9i22 

42!7i74 

42!6i21 
42.5533 

4871.63 

4878.25 

488i!84 
4883.86 

+  ■3 

+  '2 

+  '2 
+  2 

4871 ! 66 

4878! 27 

488i!86 
4883.88 

3^ 

"d 

39! 4144 

4885.80 

+11 

4885.91 

6 

wD 

42! 4864 

4886! 16 

+'i 

4886! 17 

2 

B 

42! 4250 

4888! 27 

+'i 

4888! 28 

3^ 

B 

39'i854 

4893 ^Gi 

+  '9 

489.T7.3 

r 

bJ 

3 

from 

42!3i20 

4892! is 

+  1 

4892! i9 

3 

wB 

"b 

39.6383 
38!976i 

4898.71 
4966.86 

+  ■9 
+'8 

4898.86 
4966 '94 

to     " 
D 

42! 6796 
42.0420 

4906! 28 
4901.56 

"6 
0 

4960! 28 
4901.56 

1 

B 

38!  89.35 

4903 '73 

+  ■7 

4963! 80 

'4' 

w!b 

4i!97i3 

4904 !64 

-i 

4964!  03 

i' 

nb 

38!8i23 

4966! 55 

+  '6 

4906 iei 

'3' 

wb 

41! 8992 

4906! 57 

-1 

4906! 56 

'2' 

4-5 

nb 
nnD 

38;70G.3 
38.4139 

49i6.25 
4920.54 

+  ■5 
+  2 

49i6!36 
4920.56 

'4' 

i-2 

1-2 

wb 

nb 
nB 

4i!  768.3 

4i!3203 
41.2587 

491l!i8 

4927! 13 
4929.34 

_  2 

-'4 
-  5 

49ii!i6 

4927! 09 
4929.29 

'2' 
1-2 
1-2 

nB 

nnD 

B 

37.7610 
37.7064 
37.&5U 

494.3:9! 
4945.90 
4947.90 

-5 

-  7 

-  7 

494.3!  86 
4945  83 
4947.  a3 

1 

nb 

46! 8027 

4945! 89 

-'7 

4945! 82 

'2' 

1 
2 

End 

"b 

nD 
nD 

37^5382 

37.4760 
37.. 3805 
36.a590 

4952^63 
4954.. 30 
4957.81 
4977.2 

-'9 

-10 
-11 
-19 

49.51!  94 
4954.20 
49.57.70 
4977.0 

'2' 
End 

nb 

46!574i 
39! 9740 

49.54!. 30 
4976! 8' 

-'9 

-13 

49.54  !2i 
4976! 7' 
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Inten- 
sity 


3 

2 

'i-2 
5-6 
2^ 

^1 

2-3 


Spec.  ' 
3-4 


Mean 

Scale 

Reading 


End 


nnD 
nnD 
nnD 

wn  D 
nD 
nnD 
nB 
nD 
nB 
from 

to'" 
nB 
nnD 
from 

to" 
nB 

wn  D 
from 

to"" 

wn  D 

nB 

nD 


nB 
nnD 

nnb 

nnb 
nnb 


Wave- 
Length  by 
Formula 


65.0867  4861.79 
65.2159  4864.55 
65.3530     4867.48 


65.5204 
65.7120 
65.8.364 
65.9035 
65.9855 
66.0672 
66.1160 

66! 2525 
66.2853 
66.3480 
66.4660 

66 ! 6240 

66.7787 


66.9325 


67.0510 
67.1070 
67.2142 
67.3092 


68.1255 
68.19.36 


68.8315 


69.0174 
69!i897 
76.1385 


4871.07 
4875.20 
4877.89 
4879.. 35 
4881.13 
4882.91 
4884.20 

4886^95 
4887.67 
4889.00 
4891.60 

489.5'.  io 
4898.53 

4966!  7.3 
4901.95 

4904 '58 
490").  83 
4908.23 
4910.36 


4928.85 
4930.43 


4945.13 

4949! 47 
495.3!. 50 
4976! 03 


Cor. 
from 
Curve 


+36 
+35 

+35 

+34 
+34 
+.33 
+.33 
+33 
+.33 
+32 

+32 

+32 
+32 
+32 

+31 
+31 

+31 
+30 

+30 
+.30 
+29 
+29 


+26 
+26 

+2.3 


+22 
+21 
+16 


Wave- 
Length 


t.m. 
4862.15 
4864.90 
4867.83 

487i!4i 

4875.54 
4878.22 
4879.08 
4881.46 
4883.24 
4884.52 

4887! 27 
4887.99 
4889.32 
4891.92 

4895 !4i 

4898.84 

496i!64 
4902.25 


4904.88 
4906.13 
4908.52 
4910.65 


4929.11 
4930.69 


4945.36 


4949.69 

495.3!  7i 

4976 !i9 


Plate  A  319 


1 

End 


nnD 

nB 

nnD 

nnD 

'nB 

D 

nB 


nB 
nD 


B 
nb 
'nB 


B 

nnD 

wnD 
nB 
nD 

nb 

'nb 

nD 

B 

nD 


Mean 

Scale 

Reading 


63.4397 
63.49.55 
63.5905 
63.7809 

63! 9845 
64.0649 
64.1542 

64! 2942 

64!. 3655 
64.5034 


64.8.534 
64 ! 9767 
65! 0814 


65.2967 
65.38.38 

66 ! 1150 
66.2062 
66.3024 

66 ! 9292 

67! 0518 
67.1088 
67.2065 
67.2804 


Wave- 
Length  by 
Formula 


4867.23 
4868.42 
4870.46 
4874.57 


4878.97 
4880.72 
4882.66 

4885! 28 

4887! 27 
4890.30 

4898! 62 

4906! 75 

4963! 08 

4967! 89 
4909.84 

4926!. 39 
4928.47 
4930.67 

4945.16 

4948! 62 
4949.32 
4951.63 
4953.37 

4976 !i6 


+57 
+57 
+57 
+56 

+56 
+.55 
+55 

+54 

+54 
+53 


+51 
+50 
+49 


+47 
+47 

+40 
+.39 
+38 

+32 

+3i 

+.30 
+29 
+28 

+16 


Wave- 
Length 


4867.80 
4868.99 
4871.  a3 
4875.13 

4879! 53 

4881.27 
4883.21 


4887.81 
4890.83 


4898.53 
4961! 25 
49a3!57 


4908.36 
4910.31 

4926! 79 
4928.86 
4931.05 

4945! 48 

4948!. 33 
4949.62 
49.51.82 
4953.65 

4976! 3 


Mean  Wave-Length 


62.31 

65.11 

67.96 

68.99 

71.34 

75.35 

78.34 

79.63 

81.54 

83.51 

84.52 

85.97 

87.27 

88.06 

90.1 

92.06 

93.73 

95.41 

98.72 

00.28 

01.20 

02.25 

03.80 

04.88 

06.43 

08.44 

10.61 

20.56 

26.94 

29.09 

30.87 

43.86 

45.62 

47.83 

48.39 

49.66 

51.88 

53.94 

57.70 


Velocity 


4862.29 

48&5.09 

4867.94 

4868.97 

4871.32 

4875.33 

4878.32 

4879.61 

4881.52 

4883.49 

4884.5 

4885.95 

4887.3 

4888.04 

4890.1 

4892.0 

4893.71 

4895.4 

4898.70 

4900.3 

4901.18 

4902.2 

4903.78 

4904.9 

4906.41 

4908.42 

4910.59 

4920.54 

4926.92 

4929.07 

49,30.85 

4943.84 

4945.60 

4947.81 

4948.37 

4949.64 

4951.86 

4953.92 

4957.68 
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Plate  G  275 

1899,  Janaary  U,  G.M.T.  22t'2 

Hour  angle.  E  Ot^ 

Star  excellent ;  comparison  good 


Head 


B1    4i;.774S    

n  D   46.7061    5173.21  1  + 


dD 
wn  B 
wnD 


dD 

nnD 

D 


46.4331 

46.3520 
46.3078 
46.25it3 
46.2008 
45.9762 
45.9375 
45.8877 
45.6743 
45.6144 
45.5598 
45.3686 
45.2891 
45.2109 
45.1470 

44.8799 
44.8316 
44.7830 
44.6SS1 
41.4336 
44.3407 


nD 
B 
D 
B 

n  B 
nn  D 

nB? 

nD 


B 

nnD 

nnb 

D 

nB 

B 

B 

nB 

nnTJ 

wn  D 

nD 

D 


Plate  G  291 

1899,  January  26.  G.M.T.  20M 
Star  good  ;  comparison  good 


51S;t.96  +20 

.5187.18+19 

5188.93  +19 

5190.87  +19 

.5193.20  +18 

5202.21  1+17 

.5203.77 

5206 .  7H 

5214.44 

5216.88 

5219.11 

.5226.96 

.5230.12 

.52.33.48 

5236.13 


-16 


5244.83 
.5247.29 
5249.32 
5251.36 


43,. 5692 
43.^509 
43.3021 


43.0076 
42.8610 
42  8149 


42.i:ifl0 
42.'ll>;7 
12  IKJIO 
41.i»il2 
41  .'.CIS 
41.Si;79 
41.!««) 
41..5.VV) 

41  .■;lio 

IIIH?,! 

41. !»>;', 
11.1)1:^1 
4i).'j7r/j 
40.8617 


.5.303.73 
5.313.41 
5315.59 


.5.328.81 
5335.45 
.5.3.37. 54 
.5:«9.44 
.5.341.60 
5.344.39 
.5352.  .50 
.>K2..51 
ri.364.49 
.5:i6«.«3 
.5:i69.14 
.V.72.10 
5375.  f« 
.5:577.01; 
.5:i7s.<i2 
.53S1.46 
i'is2.90 
.VK»;..30 

Kf.n.K 

5107.;i4 
.".111,05 


5184.16 
187.37 
.5189.12 
5191.06 
5193.38 
202.38 
203.93 
.52ft5.94 
5214.. 58 
5217.02 
.5219.23 
5227.06 
5230.21 
5233.56 
5236.20 

5244.8.5 
5247.30 
5249.33 
.5251  ..36 
.5255.36 
5266.15 
5270.11 


40.6(»i7 
40. 51 41 
40.1.118 
40.3IW) 
40.2:171) 

:i».!«ift 

.3U.8.3KI  ; 
3!t. 7.378  I 
39.32.32  I 
.39.1571  • 
.■Si.  8.556 
r«.7397  I 
:t'<.fiflr,2  I 

38.4922  I 


51.50.87 
51.57  ()9 
516), 17 
.5174.20 
5181 .51 
.54.S6.69 
.5708.29 
551 7.  (K 
.5533.11 
.>>39,.34 
5518.61 


5303.63 
.5313.31 
5315.49 


.5328.73 
.5335.38 
.5337.48 
5.339.. 38 
.53U..55 
•5344.35 
.5.352.48 
5262.. 55 
.5364.51 
.53rt6.&5 
.5;«9.17 
.5:i72.14 
,5(7.5.09 

5378.98 
.5381. .53 
.5382.98 
.5:196.40 
.5397.96 
510H.07 
5111.19 
512l(.13 
5122.69 
.5124.51 
54.30.17 


.51.34.41 

hu'i.ki 

.5447.39 
5451 .01 


5181.(V 
518";. 83 
.5VW..39 


t.m. 


1899.  March  6.  G.M.T.  221)8 

Hour  auKle,  W  3li3 

Star  excellent;  comparison  good 


•  "0  li ; 


t.m. 
5167.50 


^5 


D 
nn  D 

B   49.8480 

49  .'.5894 
49.5300 
49.4726 


5203.74 

5214/24 
.5216.60 
5219.02 
.5226.95 

.52.30.31 


5214.; 
5216. ( 
5219.  ( 
5226.! 
,52.30.: 


n  D 

nD? 

nD 

B? 


4.S .  XiSZ 

,v.;iii;.,-,i 

l.S 

,ijiiti . :« 

48.2514 

.5270.23 

-:ii 

527U.03 

48.1945 

5272.67 

-21 

.5272.46 

48.0329 

5279.65 

-22 

5279.43 

47."92i:i 

.5284.49 

-ra 

.5284.26 

47.6986 

.5294.21 

-Vi 

5293.97 

47.fi2U 

,VJH7.r.O 

-24 

.5297.36 

IT  ir,", 

■,:;i.|  111 

-•n 

5303.81 

1,  ■■'  .'■. 

"■  .1.;  .';.") 

.•>*> 

.5313.13 

1 ,  "i'  ; 

:i  ,  ,",r. 

-:« 

.5:il5.34 

1 ,    \  ,1'' 

:  1  ,     A 

-'*2 

.5317.82 

V   'i'.. 

-:'() 

.5:i25.17 

!'■,  ''  ■'  ; 

-  ",s 

19 

.5:128.39 

I'.     ,'. 

,    ,  :',s 

-18 

5:135.20 

1'      , .  1 

,    '    17 

17 
16 

11) 
-15 
13 

.5:!37.15 
.5:£!9.:ii 
.-,:mi,71 

.5:U4.31 

B    45.7828  I  ."AS 1. 14 


n  D|45.4:lH3|.5:i'.l7.K4 


nn  D 
nn  I) 
nn  J) 


43.2402    .5.508.14  +10  1  5.508.24 


nD|42.22'*5|.5,5<;2,44|+  8  1 


^ 

^^ 

p""! 

0 

*-— 

t.m. 

t.m. 

67.88 

-  2 

5167.86 

68.72 

5H».70 

69.63 

_  2 

5Ui9.lU 

70.77 

-  2 

5170.75 

73.2<l 

-  2 

5173.27 

75.45 

-  ?. 

5175.4:) 

7.H.76 

-  2 

5178,74 

si.  10 

5184,08 

41,H'.i:M 

5121,211 

,.  - 

5121  . '11 

44.7707 

54.30.29 

-  6 

54.30,  :i5 

44.7:i:i3 

5432.13 

-(t 

54:12,19 

44.6900 

.5434.27 

-  « 

,54.34. 33 

44.. 5980 

54,38.82 

-  7 

54.3S,X9 

44..52;)0 

5U2.55 

-  7 

5142,63 

44.4410 

,5446.09 

-8 

.5416,77 

tl.X,'X, 

51.50,72 

51,'iil>0 

03,87 
a5,88 
14,43 
16,86 
19.11 
27.00 
:i0.25 
a3.46 
.36.24 
39.00 
44.89 
17.23 
19.24 
,-,1.33 
,-.5.33 
66.24 
70.07 
72.52 
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94.03 
97.42 
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28.56 
:i5.27 
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82.92 
96.34 


21.13 
.30.26 
32. 25 
.34.37 
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5.508.30 

.5.5,32  !59 
5.5.39.. 31 
.5516.56 
5552.64 
.5.556.24 
2    .55*52.. 50 
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152  SCHJELLERUP— Continued 


Plate  G  275 

Plate  G  291 

Plate  G  302 
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The  Spectra  of  Stars  of  Secchi's  Fourth  Type 


DETERMIXATIOX  OP  THE  R,\DL\L  VELOCITIES 
The  determination  of  the  radial  velocities  was  complicated  by  the  presence  of  bright  lines  in 
the  spectra,  since  the  apparent  center  of  a  neighboring  dark  line  would  be  shifted  by  an  amount 
which  would  vary  with  the  exposure  and  consequent  density  of  the  negative.  To  avoid  this  ditficulty 
as  far  as  possible,  dark  lines  away  from  bright  lines  were  selected  for  velocity  determinations 
whenever  they  were  available.  The  following  tables  give  in  detail  for  each  star  the  lines  selected, 
the  elements  with  which  they  were  identified,  the  differences  in  wave-length,  and  the  resulting  velocity 
corrections.  The  great  range  for  the  different  lines  is  ])artly  diie  to  the  cause  just  mentioned,  but 
errors  also  necessarily  arise  from  the  use  of  lines  which  blend  together  in  the  spectra  of  these  stars, 
though  they  are  well  separated  in  the  solar  spectrum.  Such  blends  result  from  the  large  slit-widths 
used  with  comparatively  small  dispersion,  the  increased  strength  of  lines  in  fourth-type  spectra, 
and  the  changes  of  relative  intensity  as  compared  with  the  solar  spectrum. 

RADIAL    VELOCITIES    FROM    THE    DARK    LINES 

The  tables  are  arranged  as  follows:  The  third  column,  headed  AX,  gives  the  displacement  of  tlie 
lines  in  hundredths  of  a  tenth-meter;  the  fourth  column  gives  the  velocity  corresponding  to  a  dis- 
j)lacement  of  one  tenth-meter;  the  fifth  column  gives  tlic  dcdiufd  velocity,  being  tlie  pi'oduct  of 
columns  three  and  four. 

19  PISCIUM  318  BIRMINOHAM 


Star 

Element 

AX 

V, 

V 

t.m. 

t.m. 

km. 

km. 

4404.95 

Fe04.94 

-1-  1 

68 

-t-  1 

4408.48 

Fe08.60 

-12 

68 

-   8 

4415.14 

Fe  15.33 

-19 

68 

-13 

4489.72 

Fe89.90 

-18 

67 

-12 

4496.99 

097.02 

-  3 

67 

-  2 

4512.7.3 

7'fl2.91 

-18 

66 

-12 

4518.24 

ri  18. 18 

+  6 

66 

+  4 

4.522.97 

7-122.97 

0 

66 

0 

4.594.. 31 

V  94.27 

+  i 

66 

+  3 

4789.40 

Fe89.40du 

0 

63 

0 

5247.53 

Fe  47.27 

-1-26 

57 

+15 

.5.397.. 54 

Fe97.70tr 

-26 

56 

-14 

5406. 39 

Fe05.98 

+41 

55 

-1-22 

54.3(J..35 

Fe29.81 

-1-54 

55 

+.30 

.57.31.16 

Fe31.98 

-82 

52 

-43 

16  lines,  Mean  —2  km. 


star 

Element 

AX 

I*. 

r 

t.m. 

t.m. 

km. 

km. 

4405.00 

Fe  04.94 

+  6 

68 

+  4 

4414.96 

Fel5..33 

-37 

68 

-25 

4496.82 

Cc 97.02 

-20 

67 

-13 

4512.49 

rn2.88 

-39 

66 

-26 

4518.16 

7'i  18.18 

-  2 

66 

-  1 

4.522.91 

rj22.97 

-  6 

66 

-  4 

45.31.18 

Fe,31.31 

-13 

06 

-  9 

4920.62 

Fe 20.09 

-  7 

61 

-  4 

49:M.,31 

/}«34.24 

+  7 

61 

+  4 

5173.46 

Tj 73.94 

-48 

58 

-28 

5193.26 

n-93.15 

+11 

58 

K 

52.51.10 

ri50.83 

-t-27 

57 

52.55.42 

ri55.15 

+27 

57 

t1 

52G9.84 

rj69.72 

+12 

57 

5297.59 

Cr98.15 

-.56 

57 

-.32 

5.328.52 

Fe28..38 

+14 

56 

+  8 

5.390.93 

FC97..32 

-.39 

56 

-22 

.5410.19 

Fe 10.53 

-.34 

55 

-19 

280  SCHJELLERUP 


Star 

Element 

AA 

F, 

r 

t.m. 

t.m. 

km. 

km. 

4434.85 

Fea5..^3 

-47 

68 

-.32 

4512.45 

Ti 12.88 

-43 

60 

-28 

4.517.77 

7-118.18 

-41 

66 

-27 

4.522.. 53 

7'i  22.97 

-44 

66 

-29 

4605.88 

Fe0fi.40 

-52 

65 

-.34 

4645.67 

Fe 40.40 

-73 

64 

-47 

4667.76 

Fc  67.96 

-20 

64 

-13 

4681.77 

Fe  82.24 

-47 

64 

-.30 

4714.10 

Aa4..59 

-49 

64 

-.31 

4728.22 

Fe  28.73 

-51 

63 

-32 

.5297.72 

Cr98.15 

-43 

57 

-25 

5.349.99 

Fe 49.89 

+10 

56 

+  6 

.5.'{71.62 

Fe  71.68 

-  6 

56 

-  3 

.5;»7.02 

Fc  97.. 32 

-.30 

.56 

-17 

.5405.81 

Fe  05.97 

-16 

•I 

5410.10 

Fe 10.52 

-42 

■>■• 

-; 

19  lines,  Mean  —8  km. 
74  SCHJELLERVP 


star 

Element 

w 

I', 

V 

t.m. 
4.395,13 

t.m. 
rt  95.19 

-  0 

km. 

68 

km. 
-   4 

4415.38 

Fe  15.3.3 

+  5 

08 

--  3 

--18 

4497.29 

0-97.02 

-127 

67 

4512.43 

ra2.88 

-45 

66 

-.30 

4518.40 

7-418.18 

-j-28 
i31 

66 

+18 

4.523.23 

Ti 22.97 

66 

+20 

4.527.45 

7-127.48 

-  3 

66 

-  2 

4.565.82 

Fe  05.87 

-  5 

66 

-  ."t 

4789.. 34 

Fe 89.37 

-  3 

63 

-  2 

4a32.fV) 

Fe.32.90 

-25 

62 

-15 

.51 73.. 31 

.1/.772.80 

--45 

58 

+26 

.52.51.76 

Fe51.49 

--27 

57 

s 

.5270.17 

Fe 70.11 

+  8 

57 

10  lines.  Mean   —2.")  km 


13  lines,  Mean  -)-l  km. 
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115  SCHJELLERUP 


Star 

Element 

AA 

V, 

V 

t.m. 

t.m. 

km. 

km. 

4415,17 

Fe  15.33 

-16 

68 

-11 

4455.50 

Ti  55.48 

+  2 

67 

+  1 

4496.95 

Cr  97.02 

-  7 

67 

-  5 

4512. 92 

Ti  12.88 

+  i 

66 

+  3 

4518.19 

Ti  18.18 

+  1 

66 

+  1 

4523.02 

Ti  22.97 

4-  5 

66 

+  3 

4527.27 

(Ca  27.10 
I  Ti  27.49 

-  3 

66 

-  2 

4784.52 

V   84.65 

-13 

63 

-  8 

5183.92 

MgS3.19 

—  15 

58 

+  9 

5189.15 

Ca  89.05 

-10 

58 

+  6 

5233.95 

V  33.91 

—  4 

57 

+  2 

5349.55 

C«  49.65 

-10 

56 

-  6 

5731.46 

r  31.48 

_  2 

52 

-  1 

Star 

Element 

AK 

F, 

V 

t.m. 

t.m. 

km. 

km. 

4435.28 

Fe  35.33 

-  5 

68 

-  3 

4496.84 

Cr  97.02 

-18 

67 

-12 

4512.85 

Ti  12.88 

-  3 

66 

-  2 

4518.01 

Ti  18.18 

-17 

66 

-11 

4522.88 

Ti  22.97 

-  9 

66 

-  6 

4.553.89 

.Bn  54.21 

-32 

66 

-21 

5183.38 

Mg  83.19 

-41 

58 

-24 

5731.72 

Fe  31.98 

-26 

52 

-14 

8  lines,  Mean  —12  km. 


13  lines,  Mean  —1km. 
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152  SCHJELLERUP 


Star 

Element 

AA 

V, 

V 

t.m. 

t.m. 

km. 

km. 

4.397.83 

r    98.35 

-35 

68 

-24 

4404.52 

Fe  04.94 

-42 

68 

-29 

4408.25 

Fe  08.60 

-.35 

68 

-24 

4414.66 

Fe  15.33 

-67 

68 

-46 

4454.53 

Ca  54.95 

-42 

67 

-28 

4489.46 

Fe  89.90 

-44 

67 

-29 

4496  44 

Cr  97.02 

-58 

67 

-39 

4512.. 35 

Ti  12.88 

-53 

66 

-.36 

4517.67 

Ti  18.18 

-51 

66 

-34 

4522.57 

Ti  22.97 

-40 

66 

-26 

4528.27 

Fe  28.84 

-57 

66 

-38 

4552.42 

Fe  52.72 

-30 

66 

-20 

4593.67 

V   94.27 

-60 

65 

-39 

4656.03 

Ti  56.64 

-61 

64 

-39 

4924.13 

Fe  24.39 

-26 

61 

-16 

4933.02 

Fe  33.50 

-48 

61 

-29 

5172.36 

Mg  72.86 

-50 

58 

-29 

5246.92 

J-'e  47  27 

-35 

57 

-19 

5297.61 

Cr  98.15 

-54 

57 

-31 

5.328.56 

Fe  28.71 

-15 

56 

-  9 

5397.47 

Fe  97.70 

-23 

56 

-13 

21  lines.  Mean  —28  km. 


Star 

Element 

AA 

r. 

V 

t.m. 

t.m. 

km. 

km. 

4489.63 

Fe 89.90 

-27 

67 

-18 

4512.83 

2-112.88 

-  5 

66 

-  3 

4518.25 

ril8.18 

+  7 

66 

+  5 

4552.67 

Fe52.12 

+  5 

66 

+  3 

4593.95 

V  94.27 

-32 

65 

—22 

4789.68 

Fe  89.80 

-12 

63 

-  8 

6  lines,  Mean,  wt.  2,  —9  km. 


5173.29 

Mgn.se 

+43 

58 

+2.5 

5202,45 

Fe  02.49 

-  4 

58 

-  2 

5247.23 

Fe  47.27 

-  4 

57 

-  2 

5270.07 

Fe  69.99 

+  8 

57 

+  5 

5328.56 

Fe  28.71 

-15 

56 

-  8 

54.30.26 

Fe  29.81 

+45 

55 

+25 

5686.61 

Fe  86.66 

-  5 

53 

-  3 

7  lines,  Mean,  wt.  1,  +6 
Weighted  mean,  —4  km. 


RADIAL    VELOCITIES    FROM    THE    BRIGHT    LINES 

Comparison  with  132  SchjeUerup 

As  a  check  on  these  very  unsatisfactory  results,  the  bright  lines  of  the  other  stars  were  com- 
pared with  the  bright  lines  of  132  SchjeUerup.  The  following  table  gives  this  comparison,  with 
the  velocities  resulting  from  the  use  of  the  value  —28  km.,  adopted  for  132  ScJijellerup. 
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RADIAL  TELOCrriES  FROM  THE  BRIGHT  LINES 


132  SehJ. 

19  Pise. 

318  Birm. 

uschj. 

ISSchj. 

115 SchJ. 

la-Z  Schj. 

A 

AX 

X 

AA 

A 

AA 

A 

AA 

A 

AA 

A           1      AA 

t.m. 

t.m. 

t.m. 

t.m. 

t.m. 

t.m. 

t.m. 

4402.03 

02.32 

+29 

02.68 

+6, 

4437.05 

37.21 

+16 

4438.45 

38.86 

+41 

38.95 

+50 

4448.24 

48.46 

+24 

48.95 

+7 

4463.65 

64.01 

+36 

64.23 

+58 

4488.29 

88.58 

+29 

88.92 

+63 

4521. -23 

2i.52 

+29 

4524.26 

24.68 

+« 

45'$6 .  55 



4537.06 

37.23 

+42 

36.98 

+17 

4538.57 

38.97 

+40 

38.74 

+17 

39.24 

+67 

4547.19 

47.76 

+57 

47.73 

+52 

47.61 

-H2 

47.78 

+59 

4578.09 

78.64 

+55 

4579.26 

79.75 

+49 

4580.77 

81.27 

- 

-50 

45*3.49 

83.64 

+15 

83.94 

- 

-45 

4585.07 

85.38 

+31 

4614.73 

15.00 

+27 

4617.78 

18.07 

+2< 

t       18.07 

+29 

18.21 

+43 

4621.09 

2i.32 

+23 

2i.4i 

+32 

21.66 

--5 

21.49 

+40 

4638.57 

38.72 

+15 

39.04 

+47 

39.11 

--5^ 

39.13 

+56 

38.88 

+31 

4611.47 

41.71 

+24 

42.08 

+61 

4664.82 

65.38 

+56 



47.38.39 

38.63 

+24 

38.93 

+54 

38.72 

+33 

4829.86 

30.30 

+44 

30.59 

+73 

5312.93 

13.05 

--i2 

5317.26 

i7.87 

+61 

17.39 

+13 

17.59 

+:i' 

i       17.56 

--30 

17.58 

+32 

5368.55 

68.50 

-  5 

68.91 

--36 

69.13 

+58 

5374.65 

75.34 

+69 

74.74 

+  9 

75.03 

--38 

74.78 

+13 

75.00 

+35 

5379.96 

80.45 

--49 

5411.89 

12.07 

+is 

5416.56 

17.11 

+5J 

)        

5422.55 

23.  i9 

+64 

22.60 

+  •'"> 

5431.75 

31.90 

+20 

32.25 

--50 
--52 

5450.40 

50.65 

+15 

50.92 

5564.02 

64.45 

+43 

64. &3 

--8 



5586.45 

86. a3 

+48 

86.77 

+32 

86.99 

--5^ 

87.21 

+76 

5692.68 

93.  i9 

+bi 

5710.18 

10.62 

+44 

Moan  A,  t.m 

+  -i 

1 

+  .26 

+  .56 

+  .4 

5 

+  .24 

+  .52 

+2 
-21 

J 

+16 
-28 

+34 
-28 

+2 
-2! 

7 

+14 
-28 

+33 
-28 

V  of  1.32  Schj 

S 

i 

Velocity  in  km 

— 

2 

-12 

+  6 

— 

I 

-14 

+  5 

RADIAL  VELOCITY  OF  280  SCHJELLERVP 

From  bright  lines  compared  with  19  Piscium 
The  character  of  the  spectrum  of  280  Schjellerup  differs  so  miu-li  from  that  <if  l.'5'2  SclijrUcnii) 
that  direct  comparison  of  the  bright  lines  was  unsatisfactory;  therefore  they  were  compared  with  the 
lines  in  19  Piscium,  a  star  more  nearly  like  280  Schjellerup  in  development. 


19  Piscium 

280  Schjellerup 

AA 

19  Piscium 

280  Schjellerup 

AA 

t.m. 

t.m. 

t.m. 

t.m. 

t.m. 

t.m. 

4617.77 

17.36 

-   .41 

55.31.92 

31.20 

-   .72 

4631.12 

.gO.59 

-   .53 

5.571.81 

71.57 

-   .24 

4638.72 

37.65 

-1.07 

5580.71 

81.09 

-   ..38 

4660.88 

60.09 

-   .79 

5724.08 

23.96 

-    .12 

54.53.81 

52.18 

-1.63 

5756.98 

57.57 

-   .59 

54.59.10 

58.61 

-   .49 

Mean     —.46  t.m. 
=  —25  km. 
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mean  radial  velocities 


The  final  adopted  velocities  are  the  means  of  the  direct  determinations  hy  dark  lines  and  the 
comparison  of  the  bright  lines  with  those  of  18'2  SchjcUenip.  The  close  agreement  in  certain  stars 
of  the  results  obtained  with  the  dark  and  bright  lines  is  of  course  purely  fortuitous,  as  the  values  in 
either  case  may  be  many  kilometers  in  error. 


Stak 

Dark  Lines 

Bright  Lines  Com- 

PAKED  WITH  132  Schj. 

Mean 

V 

No.  Lines 

V 

No.  Lines 

V 

132  Schjellerup 

2S0  Schjellerup 

19  Piscium 

318  Birmingham 

7i  Schjellerup 

IS  Schjellerup 

115  Schjellerup 

152  Schjellerup 

-i8 
-25 

-  2 

-  8 
+  3 

-  1 
-11 

-  1 

ii 

24 
15 
13 
14 
9 
13 

-25 

-  2 

-12 

+  6 

-  1 
-14 
+  6 

ie 

13 

14 

9 

13 

11 

16 

-28 
-25 

-  2 
-10 
+  5 

-  1 
-13 
+  1 

For  a  check  on  these  results  see  the  table  ou  p.  118. 


table  of  corrections  for  radial  velocity 


The  corrections  to  be  applied  to  the  measured  wave-lengths  of  the  star  lines  (after  reduction  to 
the  Sun)  to  eliminate  the  displacements  due  to  radial  velocity  are  given  in  the  following  table.  The 
displacements  are  given  in  hundredths  of  an  Angstrom  unit. 


Tin  km. 

1 

2 

5 

10 

13 

25 

28 

V  in  km. 

1 

2 

■^ 

10 

13 

2.^ 

A 

A 

4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 

1 
1 
1 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 

7 

7 
7 
8 
8 
8 
8 
8 
8 

14 
14 
15 
15 
15 
16 
16 
16 
17 

18 
19 
19 
20 
20 
20 
21 
21 
22 

35 
36 
37 
38 
38 
39 
40 
41 
42 

39 
40 
41 
42 
43 
44 
45 
46 
47 

5100 
5200 
5300 
5400 
5.500 
5600 
5700 
5800 

2 
2 
2 
2 
2 
2 
2 
2 

3 
3 

4 
4 
4 
4 
4 
4 

9 
9 
9 
10 
10 
10 
10 
10 

17 
17 
18 
18 
18 
19 
19 
19 

22 
23 
23 
23 
24 
24 
25 
25 

43 
43 

44 
45 
46 
47 
48 
48 

48 
49 
50 
50 
51 
52 
53 
54 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADLVL  VELOCITY 
The  following  table  contains  tlie  mean  vrave-lengths  of  the  lines  measured  in  each  star,  with  the 
correction  for  radial  velocity,  and  the  final  mean  of  all  the  wave-lengths  of  the  same  line  measured  in 
each  star.     The  stars  are  arranged  in  the  assumed  order  of  development. 


280  Scl\JeUerup 

19  Pitcivm 

318  Birmingham 

74  Schjellcntp 

No. 

Inten- 
sity 

Character 

WaTO-Iiength 

Inten- 
sity 

Character 

Wave- 
Length 

Inten- 
sity 

Character 

Wavo- 

Leugth 

Inten- 
sity 

Character 

Wave- 
Length 

t.m. 

t.m. 

t.m. 

t.m. 

1 

la 

9 

10 

wD 

84.08 

3 
i 
5 

2-3 

nD 

90.33 

nnD 

90.03 

6^7 

wb 

94"83 

wnb 

95.17 

wn  b 

95.06 

M 

.  .  . 

7 

i 

b 

97.65 

8 

2 

D 

00.87 

wn  D 

01.02 

wn  D 

TO.  7 

9 

3 

B 

02.47 

3-4 

n  B 

02.47 

2-3 

nB 

02.61 

10 

11 

7 

w  b 

04.98 

2-3 

wn  D 

05.15 

nnb 

05.1 

12 

3 

D? 

08.51 

wn  D 

08.61 

13    j 

14 

15 

1 

D? 

12.29 

16    j 

B?   j 

09.8 
14.2 

17 

3 

nD 

15.17 

2-3 

nD 

15.11 

nnD 

15.3 

18 

..^. . 

20 

2-3 

wnD 

20.60 

21 

B? 

22 

23 

24 

1-2 

nD 

25.86 

25 

1 

B    • 

26.81 

26 

2 

D 

27.49 

2-3 

nD 

27.96 

3 

nnb 

27.8 

27 

nn  1 

) 

4429.51 

2-3 

nD 

30.18 

1-2 

nD 

30.27 

nnD 

30.42 

28    j 



29    ' 

1 

nD 

33.96 

30    J 

B) 

31.0 
.33.60 

31 

$ 

nn  r 

) 

4435.22 

5 

wb 

35.52 

5 

wnD 

35.49 

wn  D 

:i5.72 

33 



1 

b 

38.13 

1-2 

nD 

38.23 

34 

2 

B?? 

38.89 

5-6 

n  B 

39.10 

^i 

B?  $ 

37.6 
39.9 

36 

2-3 

nD 

44.45 

1-2 

b 

44.45 

37 

B?? 

38    j 



Bi 

45.0 
46.8 



39 

40 

41 

1-2 

nD?? 

47.14 

2 

nD 

47.47 

42 

2-3 

nB? 

48.68 

4 

nB 

48.61 

5 

n  IJ 

48.88 

43 

5 

nD 

49.96 

wn  D 

50.04 

nn  I) 

.50.  SJ 

44 

45 

2-3 

nD 

55.23 

1 

nD 

55.35 

nil  I) 

.-)5,8 

46 

47 

48 

49    j 

|nnD 

60.01 

50 

3 

nD 

62.17 

3 

nD 

62.07 

nn  D 

62.48 

51 

nnB?? 

4463.76 

3-4 

wB 

64.04 

6 

n  B 

63.91 

wB 

64.0 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VELOCITY 


78  Schjellerup 

132  Schjellerup 

11.5  Schjellerup 

152  Sclijclle 

■up 

Mean 
Wave-Length 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

sity 

Length 

sity 

Length 

sity 

Length 

sity 

Length 

t.m. 

head 

t.m. 
71.80 

t.m. 

t.m. 

t.m. 

4.371.8 

head 

80.63 

4380.6 

1 

nD 

85.20 

4.384.6 

2 

nD 

89.82 

1-2 
2 

nD 
nD 

89.77 
91.95 

4390.0 
4391.9 

8 

wnD 

95.10 

'l-2 

nD 
(   con. 
I  spec. 

nD 

95.1 
95.8 
97.9 

98.24 

4395.0 

4.39 

4397.9 

8 

wn  D 

01.11 

1-2 

wnD 

00.89 

4401.0 

nB? 

02.68 

2 
4 

nB 
D? 

02.47 
03.30 

2-3 

B?? 

02.70 

4402.6 
4403.3 

nnD 

05.21 

12 

wnD 

05.24 

nnD? 

04.92 

3 

nD? 

04.91 

4405.1 

3 

nnD 

08.75 

1 

wnD 
nb?? 

08.52 
11.20 

1 

nD? 

07.90 

"1 

nD 

osis' 

09.6 
10.58 

4408.5 

440 

4410.9 



1-5 

nnD? 
con.  ( 
.spec.  ) 

12.23 

12.7 

14.7 

1-2 

nD 

12.45 

4412.3 

iilsis 

3 

nnb 

15.18 

1-3 
2 

nD 
D? 

con.  S 

15.28 
16.71 
18.0 



3-4 

nD 

I5.45 

4415.2 
4416.7 

441 

spec.  ) 

20.3 

nnb 

20.5 

2 

nD 

20.60 

4420.6 

2 

nB? 

21.18 

1 

B? 

20.81 

4421.0 

2  3 

D 

21.70 

4421.7 

3 

nB? 

23.99 

2 

B?? 

23.88 

4423.9 

nnD 

26.25 

1-6 
6 

nnD? 
B?? 

25.86 
16.69 

2 

nD 

25.80 

4425.9 

4426.8 

i 

nnD 

27.  a3 

1-fi 

nD 

27.72 

2 

nb 

27.74 

4427.7 

1 

nnD 

30.37 

1-2 
1 

nD 

nD? 

con.  \ 
spec.  / 

:«).28 

29.6 

30.9 

33.92 

30.9 

35.0 

2-3 

nD 

30.54 

4430.2 

442 

4433.9 
4431.0 
4434.3 

6-7 

wnb 

35.92 

3 

wn  D 

35.60 

35.0 

36.3 

4-5 

wn  D 

35.47 

6 

wnD 

35.97 

4435.6 
443 

1 

nnD 

38. li 

1-7 

nD 

38.14 

1-2 

nD 

38.25 

4438.2 

2-3 

nB 

39.44 

4 

nB 

38.86 

3 

nB? 

38.71 

B?? 

4439.0 
\      443 

2 

nD 

44.58 

1-6 

nD 

44.51 

1 

nD 

44.64 

4444.5 

5 

B? 

45.16 

2 

B 

45.32 

4445.2 

1     444 

2 

D?? 

45.68 

2 

D 

45.79 

4445.7 

3 

nB? 

46.14 

1 

nB?? 

46.37 

4446.3 

1 

nnD 

47.66 

2 

nD?? 

47.44 

2 

nD? 

47.57 

4447.5 

2-3 

nB 

48.88 

8 

nB 

48.65 

4448.7 

3 

nD 

50.32 

2-3 
5 

nD?? 
B 

50.04 
54  23 

2-3 

wnD 

50.02 

wnD?? 

50.3 

4450.1 
4454.2 

1-2 

nD 

55.52 

1-3 
0-1 

D? 
D? 

55.33 
56.76 

1 
"1 

nD 
nb 

55.38 
58^08 

4455.4 
4456.7 
4458.1 

4 

nB?? 

D?$ 

58.81 
59.3 
60.1 

1 

B? 

58.72 

4458.8 
1     445 

2 

nD 

62.24 

8 

wD 

62.10 

nD? 

62.2 

4-5 

nD 

62.05 

4462.2 

3 

nB 

&3.84 

2-8 

B 

64.08 

2-7 

nB 

64.09 

4464.0 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VELOCITY— Continued 


■i^O  Schjellcnip 


318  Birminghan 


Inten- 
sity 


Wave-Length 


Inten- 
sity 


Wave- 
Length 


Inten- 
sity 


Wave- 
Length 


Inten- 
sity 


Wave- 
Length 


53 
54 
55 
56 


67 


70 
71 

72 

73 

74 

75 
76 
76a 


78 
79 
80 
81 

82 

&3 

83a 

84 

85 

86 

87 


90 
91 

92 

93 

94 

95 

%a 

96 

97 


100 

101 

102 
103 

104 

1(K 


wnD 
nb 


nD 

wnD 

nnb 
head 

nb 

nnb 

nb 
nnB 

nb 


w  D 

D 

w  D 

nb 


4465.96 


4489.35 


4496.73 


4501.22 


4506.38 


4512.83 


4518.15 

4521! is 


4535.30 
:  4530.7 
'  4&^5.8 

4537.98 


4539.89 


1-2 
1 


1-2 
2  3 
2-3 


2 
1-2 

3 
2-3 


4  5 


3-4 

1 
3-4 


3 
2-3 


D? 


D 
D?? 


nD 
B? 

nD?? 
D 

nB 


B? 
D 
B? 
D 


D 

B?? 

D 

head 


D 
B?? 
D? 
B?? 


wnD 
head 

D? 
nB 

D 

D?? 

B 


D 
B?? 


nD 


D 

head 


D 

D?? 

B 


65.29 


68.95 
72.25 


75.52 


80.00 
82.19 
83.62 


86.03 
87.57 
88.61 
89.75 


97.02 
98.0 
01.1 
01.78 


02.3 


06.77 


12.76 

14.3 

16.17 

17.05 

18.27 

20.54 

21.66 


23.00 


27.16 


31.35 
31.9 


35.84 


37.32 
39.00 


40.42 
42.75 
44.10 


1 
2-3 
2 


1-2 
2 


2-3 


2-3 
6 
1 

4 


max 
3 


nD 

nnb 


B 
B 

nb 

B?? 

nnD 

nD 

nB 


nB? 
nnD 

nb 

wnD 

nnb 

head 

B 

nD 

nB? 

nD 


B 
nD 


wn  B 


nnD 
nnD 


nnD 

D 

wn  B 
nB? 

B 

n  D 


t.m. 
65!43 
7i;72 


72.4 

;72.4 
I  74.5 

76  .'is 


80.42 
82.41 
83.64 


86.27 
87.42 


96.97 


01.87 


02.6 
(02.5 
i06.3 
07.08 
08.64 
09.56 
10.8 


12.64 


17.71 
18.31 


28.65 
31.43 


35.84 


136.6 
37.38 
38.89 
,.36.5 
139.7 
40.51 


1 

max 
1 
1 


1-2 


12 


nnD 
B 
nnD? 
nnD 


nnD 

b 


nnD 

head 

B 

nD 

nnb 


D 

wn  n 


B 

nnD 


\63.1 
■/ 64.80 


75.4 
79.0 
80.22 
82.34 


87.61 
66.05 

97!2i 

6i!97 

62;5 
(02.5 
(06.3 

07.04 

m'.9i 


12.3 

is.'.TS 
21  .'oi 

'2:i.'20 

27!  40 
.30!  96 

Xk'M 

/39.9 
40.57 


3U 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VELOCITY -Continued 


78  Schjellerup 

132  Schjellerup 

115  Schjellerup 

152  Schjellerup 

Mean 
Wave-Length 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

sity 

Length 

sity 

Length 

sity 

Length 

sity 

Length 

B 

t.m. 
(62.9 

B 

t.m. 
(63.0 

t.m. 

B 

t.m. 

t.m. 
4463.0 

^65.1 

|C4.8 

4464.9 

i 

nD 

65.37 

i 

2 

nD?? 
D 

65.76 
60.90 

nD?? 

64.88 

4465.4 
4466.9 

1 

nb 

68,68 

1 

nD 

69.02 

1 

nD 

68.48 

4468.8 

2 

nnD 
D 

71.58 
(65.0 
J72.0 

2 

nD?? 

71.72 

■i 

D 

70.85 

1 

nD?? 
con. 
spec. 

71.81 
(64.6 
5  72.6 

4471.7 
4464.7 
4472.0 

2 

B.? 

72.32 

1 

nB?? 

72.. 57 

4472.4 

4-5 

B 
B 

73.55 
(  73.0 

3 

nB 

73.56 

4473.6 
4472.7 

(75.0 

4474.7 

1 

nD 

75.31 

4475.3 

i 

nb 

75.  a3 

1 

D 

75.82 

4475.6 

3 

B 

79.08 

1 

B? 

78.58 

wnB?? 

78.78 

4478.8 

i 

nnb? 

80.21 

2-3 

nD?? 

80.13 

2 

nD?? 

79.96 

4480.2 

2 

nD 

82.23 

2-5 

D 

82., 50 

2 

nD 

82.43 

4482.3 

1 

B?? 
con. 
spec. 

83.46 

(83.0 
(86. 

2 

nnB?? 

84.13 

B? 

(82!  9' 
?87.8 

4483.7 
|448 

5 

nB?? 

86.15 

2 

nB?? 

85.87 

4486.1 

1 

nnb 

87.62 

13 

nD 

87.  as 

1 

nnD? 

87.28 

4487.5 

1-5 

B?? 

88.70 

1 

B? 

88.84 

4488.7 

2-3 

nb 

89.86 

2-3 

nD 
con. 

89.77 
(90.4 

3 

nnD 
B? 

89.61 
(90.4 

4489.7 
4490.4 

spec. 

(  96.2 

\ 

4496. 

sU 

nb 

96.97 

6^8 

wD 
con. 
spec. 

96.99 
(98.0 
(01.3 

i-2 

nD 

97.04 

4497.0 
4498.0 
4501.2 

1 

nnb 

61.87 

i-8 

wD 

01.92 

1 

nnD 

00.91 

1 

nD 

02.15 

4501.7 

3 

B?? 

03.14 

1 

nB? 

03.91 

2-3 

nnB?? 

03.79 

4503.6 

head 

02.7 

head 

02.71 

4502.8 

B 

(02.7 

B 

(  02.4 

4,502.5 

)06.2 

(06.0 

4.506.2 

3^ 

wn  D 

07.09 

2 

wn  D 

07.12 

2 

nD 

06.74 

2 

nnD 

07.24 

4,506.9 

i 

wn  B 

08.71 

max 

B?? 

08.65 

3 

nB 

08.21 

B?? 

4508.6 

1 

nnD 
B 

09.84 

( osi-so 

1-3 
3 

nD?? 
nB?? 

B 

09.89 

10.66 

(08.3 

3 

nD?? 

09.96 

4,509.8 
4,510.7 
4508.3 

ni.6o 

(09.5 

wnD 

13.08 

2 

wnD 
head 

12.83 
15.15 

1-2 

nnD 

13.05 

1 

nnD 

12.81 

4512.8 

4514.7 

1 

nD 

16.34 

1 

nnD? 

16.02 

4516.2 

i-2 

nB 

17.13 

4 

nB?? 

17.31 

1 

B?? 

17.20 

4517.3 

2-3 

nD 

18. 53 

1-3 

nD 

18.. 35 

1-2 

nD 

18.21 

1-2 

wnD? 

18.23 

4518.3 

1 

nD?? 

20.71 

1 

nnD?? 

20.16 

4520.5 

4 

B 

21.89 

3 

B?? 
B 

21.75 
(20.9 
(22.4 

B?? 

4521.7 
|452 

4 

nb 

23.23 

4-6 

wD 

23.17 

2-3 

nD 

23.08 

5 

nD 

23.21 

4523.1 

3-4 

nB 
B 

25.01 
(24.1 

3 

B?? 
B 

24.68 
(  23.9 

3 

nB?? 

24.59 

2  5 

B? 

24.63 

4524.7 
4.524.0 

(26.0 

(27.3 

45-J7. 

wnD 

27.56 

1 
3 

nD? 
D 

27.2 
28.69 

nD? 

27.48 

4527.4 

4.528.7 

i 

nb? 

31.32 

1 
"3 

nD 

head 

nD 

31.29 
32.73 
33.44 

4531.3 
45.32.3 
45,a3.4 

2-3 

nb 
D 

35.70 
(31.1 

6-8 

wnD? 

36.04 

nD 

a5.56 

1-2 

nb 

36.21 

4535.7 
4.5,30.9 

(36.7 

4,5.36.3 

2 

n  B? 

37.32 

2^3 

nB? 

37.45 

nB? 

,37.08 

2-4 

nB 

37.68 

4537.5 

2-3 

B 

39.18 

3-6 

nB?? 
B 

39.00 
(.36.6 

1 

B 

38.66 

4-5 

B 
B 

39.16 

(.37.2 

45.39.0 
4,5,36.7 

(40.0 

(40.2 

4540.0 

3 

nb 

40.66 

3 

wnD? 

40.46 

1 

nD 

40.44 

4.540.4 

2 

nD?? 

42.51 

2-3 

wnD?? 

43.06 

4542.8 

i 

B 

44.25 

'2 

maxB?? 
nD 

44.40 
44.92 

1 

nB? 

44.10 

4,544.2 
4544.9 
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TABLE  OF 

MEAN  WAVE-LENGTHS  CORRECTED 

FOR  RADLtL  VELOCITY— 

Cotitinved 

280  Schjellenip 

19  Piscium 

318  Birmingham 

74  Scl^jellenip 

Inten- 
sity 

Character 

WaTe-Length 

Inten- 
sity 

Character 

Wave- 
Length 

Inten- 
sity 

Character 

Wavc- 
Length 

Inten- 
sity 

Character 

Wave- 
Longth 

t.m. 

t.m. 

t.m. 

t.m. 

106 

3 

B 

47.79 

4 

nB? 

47.71 

max 

B 

47.56 

107   1 

B 

(46.8 
(48.5 

108 

5 

wnD 

49.25 

wnD 

49.37 

109   1 

110   j 

111    ' 

112 

9 

wl 

) 

4553.58 

10 

wD 

53.54 

wn  D 

53.58 

wn  D 

54.07 

113   j 

D 

(51.8 

D 

(52.3 

154.7 

{55.3 

113a 

head 

54.70 

head 

55.3 

m 

max 

B 

58.40 

113   j 

B 

( 4555.5 

B 

(55.3 

B 

(55.3 

B 

(55.40 

(59.90 

60.48 

J  4559.3 

)59.3 

}59.4 

116 

■  nnD? 

4560.11 

3 

nD 

60.39 

0 

nn  D 

60.42 

nn  D 

117 

3 

nB 

61.91 

118 

i 

b 

4562.93 

2-3 

D?? 

63.35 

3 

D 

63.54 

nn  D 

03.47 

119 

B?? 

120 

6^1 

D 

4565.22 

1-2 

D?? 

60.73 

1-2 

D 

65.71 

1 

n  D 

65.74 

121 

122 

123   1 

B 

(4565.90 
I  4569.50 

B 

(66.3 
|70.0 

B 

(66.2 
|70.5 

124 

125 
126 
127 

nnD 

4571.57 

9 

wD?? 

71.66 

wnD 

71.79 

nn  D 

71.30 

"3 

nb 

75!  27 

nnb? 

15.10 

128 

3^ 

nD 

77.57 

1 

nnD 

77.47 

n  D 

77.60 

129   1 

D 

(70.9 
(76.9 

129a 

head 

78.1 

head 

77.0 

130 

131 

132 

133 

1 

D 

80.42 

1 

nnD 

80.52 

134 

135 

1 

D?? 

81.93 

1 

nnD 

82.57 

136 

M> 

wnE 

4583.59 

2 

nB 

83.67 

137 

1-2 

D 

84.57 

1 

nD 

84.82 

138 

1 

B? 

85.41 

139 

2 

nl 

4586.38 

2 

nD 

86.37 

1 

nnD? 

86.16 

140 

141 

142 

143 

144 

1 

D? 

91.01 

1-2 

nnD 

91.26 

145   \ 

146    ' 

1 

nD 

4594. i9 

2-3 

n  D 

94.34 

2 

nnD 

94.30 

nn  D 

94.69 

147 

2 

nn  B? 

4596.11 

2 

n  B 

95.80 

5 

nB 

96.10 

4 

nB 

96.15 

149   j 

150    ' 

1 

nD?? 

97.52 

2 

nD 

97.61 

151 

i 

nB? 

4599.58 

152 

1-2 

nD 

00.84 

3 

n  D 

00.61 

1 

n  D 

00.87 

153 

154 

155 

156 

7-8 

D 

4606.26 

9 

wD 

06.87 

10 

wD 

06.86 

8 

w  D 

06.88 

157 

158 

head 

4607.5 

ht'ud 

07.9 

head 

08.3 

159   1 

D 

(05.7 
(08.3 

160 

3 

n  B             4608.47 

2-3 

nB 

08.71 

2 

n  B? 

09.19 

5 

n  B?? 

08.90 

161   \ 

B 

(4607.5 

B 

(08.3 

?  4615.0 

I  13.1 

162 

1 

nD?? 

10.07 

1 

nn  D? 

10.57 

i 

11  b 

10.56 
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TABLE  OP  MEAN   WAVE-LENGTHS   CORRECTED  FOR  RADIAL  VEhOCITY— Continued 


78  Schjellerup 


Wave- 

Length 


132  Schjellerup 


Inten- 
sity 


Wave- 
Leugth 


115  Schjellerup 


Inten- 
sity 


Wave- 
Length 


152  Schjellerup 


Inten- 
sity 


Wave- 
Length 


nB 

wn  D 


wn  D 
D 


B 

nD 
nB 
nD 

nB?? 
nn  D 


B 
nb 

nb? 
D 
head 

nn  B? 

nn  b 
nB 

nnD 
nB 

"    B 
nD 


B 

nD 


nn  D? 
nB? 
nB 


nD 

head 
D 

n  B? 
B 

nD 


t.m. 
47.75 


49.25 


53.79 
I  55.3 


,  55.3 
59.7 
60.47 
62.10 
a3.51 
64.71 
65.61 


;66.3 
70.3 


72.55 


77.26 
,70.3 
'  78.1 

78.1 


79.37 


80.47 
81.68 
82.51 
83.93 


85.62 
86.76 


89.85 
91.39 


97.32 
99.. 33 
01.00 


07.20 


08.2 
I  02.9 
'08.3 

09.17 
,08.4 
'  13.3 

10.22 


4-6 


3^ 


1-3 
2 
2 
1 

2^3 


4 

1-t 
4 
1 


3-4 

4 


3 

4-6 


1 

3-4 

4 

4 


nn  D? 
D 


nn  D? 
w  D 


head 
nnB?? 

B 

nnD?? 
B?? 

nD 

nB?? 
wnD?? 

"b?? 

B 


B? 
nD? 
n  D? 


head 
B 

'    B 
nD 

B 
n  D?? 

B 

D 

B 

D 

B 

D? 

B?? 

B? 
nD 


D 

nn  B? 


wn  D? 

nB? 

D 

B 

D 

nD 

w  D 

nD 

head 

D 

B?? 

B 

D 


47.63 


49.47 

H8.8 

?50.1 

(50.0 

|52.3 

52.85 

54.21 

(52.1 

55.4 

54.68 

58.88 

(55.3 

?59.6 

60.23 

62.25 

63.45 

64.57 

65.95 

69^46 

(64.0 

|70.0 

73.71 

75.78 
77.61 


78.05 

78.52 


79.69 
80.38 
81.20 
82.85 
83.92 
84.72 
85.50 
86.28 
86.89 
87.43 


90.. 39 
91.10 


94.10 
96.08 


97.33 
99.53 
01.00 
02'.  01 
02.95 
06.23 
06.83 
07.50 
08.01 
,03.0 
108.5 


08.2 
09.9 
10.17 


0-1 


D 
head 


D? 


head 
nD 


1-2 
2 

1-2 
1-3 
1-2 


1-5 
max 


1-2 

max 

1 

1 


nB 
nb 


nD 
nB?? 

nB 

D? 

wn  B 


D 
D 

"b? 

nB 
B 

nD 
nnB? 

nD 
B? 

nD? 

"b 


B 

B? 
D 


nD 
B 

B 

nnD?? 
B?? 

nD 

n  B?? 
nn  D? 

wn  D 


47.73 
49^27 


58.85 


60.21 
62.27 


64.68 
67!  72 


70.31 


77.67 
,70.9 

'78.4 


78.56 
78.96 
79.67 
80.50 
81.19 
82.94 
83.86 
84.72 


86.37 


89.07 
90.54 
91.25 
(89.9 
I  93.2 
93.93 
(95.42) 
(94.6 
J95.9 
97.37 
99.22 
00.89 
02.27 
02.83 


.37 


08.92 


4547.7 
I  4.54 

4549.3 
I  454 

I  455 

4552.8 
4553.8 
4552.0 
4555.1 
45.54.9 
4558.7 
4555.3 
4559.5 
4560.3 
4562.1 
4563.5 
4564.7 
4565.8 
4567.7 
4569.5 
4566.3 
4569.8 
4570.3 
4571.8 
4573.7 
4575.4 
4577.5 
4574.2 
4577.7 
4577.6 
4578.5 
4579.2 
4579.7 
4580.5 
4581.4 
4582.6 
4583.8 
4584.7 
4585.5 
4586.4 
4586.9 
4587.4 
4589.1 
4590.3 
4591.2 

I  459 

4594.3 
4596.0 

I  459 

4597.4 
4.599.5 
4600.8 
4602.1 
4602.9 
4606.2 
4606.7 
4607.5 
4608.1 
4605.6 
4608.4 
4608.9 
4608.1 


4610.3 
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TABLE  OF  MEAN  WA\TE-LEXGTHS  CORRECTED  FOR  RADLAL  VELOCITY  -Contmued 

■SOSclijellenip 

19  PUcium 

318  Birmingham 

74  Schjellcrup 

No. 

In  ten- 
sity 

Character 

Wave-Leogth 

Inten- 
sity 

Character 

WaTe- 
Length 

In  ten 
sity 

Character 

Wave- 
Length 

Inten- 
sity 

Character 

Wav6- 
Leogth 

163 

t.m. 

D?? 

t.m. 

t.m. 

t.m. 

164 

1-2 

B?? 

12.32 

1 

nB?? 

12.39 

165 

1-2 

nD 

13.80 

2-3 

nD 

13.73 

2 

nD 

13.77 

166 

3 

B 

14.95 

5-6 

nB 

15.15 

6 

n  B 

15.03 

167 

i 

nb 

ieie.oe 

2-3 

D 

16.29 

3-4 

nD 

16.46 

3 

nD 

16.31 

168 

169 

4 

B 

4617.74 

6 

B 

17.80 

7-8 

nB 

18.03 

9 

wB 

17.99 

170 

1 

nD 

4619.29 

5 

D? 

19.68 

6 

D 

19.86 

3 

nD 

19.70 

171 

4 

B 

21.35 

5 

nB 

21.56 

5 

nB 

21.58 

172 

1-2 

nD?? 

22.81 

2-3 

nnD 

23.05 

1-2 

nnD 

23.09 

173 

174 

175 

176    ) 

B 

(23.6 

\ 

I27.9 

177 

D?? 

178 

5 

wn  D 

29.26 

8 

nD 

29.54 

6-8 

nn  D 

29.12 

179 

180 

4 

nB 

4630.97 

4 

B 

.31.15 

2 

nB? 

31.34 

9 

nB 

31.18 

181 

182 

1 

D 

.34.  ei 

1 

nn  D 

34.6 

183 

2 

D 

37.46 

1 

nn  D 

37.41 

184 

2 

nB? 

4638.03 

3 

B 

38.75 

3-4 

nB 

39.19 

6 

nB 

39.  ra 

185 

3 

nD 

4639.86 

5-6 

D 

40.29 

6 

D 

40.46 

5 

D 

40.76 

186   j 

187    ' 

1-2 

nB 

4642.10 

'3-4 

B 

41.72 

4 

wnB 

42.16 

8-9 

wB 

42.31 

188 

B?? 

189   j 

B 

(4640.6 
}  4644.4 

B 

(4i..3 
5  44.1 

B 

(41.1 
|43.2 

190 

4 

D 

4646.05 

wn  D 

45.70 

wn  D 

4G..30 

191 

2-3 

nB?? 

52.80 

1 

nnB?? 

53.05 

192 

1 

D? 

54.04 

ia3 

nn  D 

4&T5.25 

1 

D 

56.6 

wn  D 

56.. 30 

194 

2-3 

nB 

4660.48 

wB 

60.91 

195 

B 

(4657.5 
I  40G2.2 

196 

1 

D? 

4663.92 

1-2 

nD 

64.14 

197 

1 

nB? 

4665.21 

2 

nB 

&5.41 

1-2 

nB 

65.24 

198 

4 

nD 

4668.15 

3 

wn  D 

68.08 

199 

2 

nD 

4674.79 

4 

D 

75.13 

200 

wn  D 

4682.16 

1 

D? 

82.29 

201 

1 

nD?? 

88.43 

202 

1 

nD? 

91.12 

203 

3-4 

nD 

96.56 

20Ba 

head 

97.2 

204 

D?? 

205 

206 

207 

5 

nD 

4714.49 

6 

w  D 

14.61 

wn  D 

15.00 

208 

209   1 

D 

(  13.0 
n6.4 

209a 

head 

14.8 

bead 

16.4 

210 

B?? 

211 

B?? 

212 

1-2 

nB?? 

20.38 

213   1 

B? 

16.4 
21.3 

214 

1-2 

nD 

22.69 

1 

n  D 

22.85 

215    1 

216 

nn  D 

4728.61 

1 

nn  D 

28.5 

217 

218 

219 

10 

wD 

36.26 

10 

w  D 

.36.3 

10 

w  D 

36.24 

220   j 

D 

U7.33.5 
;  47.T7.6 

D 

(.34.3 
J37.9 

D 

(.34.3 
1.37.6 

221 

h.-ad 

17.'57.6 

head 

37.61 

head 

37.9 

bead 

37.6 
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TABLE  OF  MEAK  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VELOCITY  — Conhnwed 


78  Schjellerup 

132  Schjellerup 

ll.i  Schjellerup 

152  Schjellerup 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

Wave-Lexgth 

sity 

Length 

sity 

Length 

sity 

Length 

sity 

Length 

t.m. 

2 

D?? 

t.m. 
11.32 

t.m. 

2 

D?? 

t.m. 
11.42 

t.m. 

4611.4 

1 

nB? 

12.31 

2 

nB?? 

12.49 

2 

B?? 

12.23 

4612.3 

2 

nD 

13.98 

3^ 

nn  D 

13.89 

1-2 

nD 

13.91 

1-3 

nD 

13.93 

4613.9 

6 

B 

15.21 

4-9 

n  B 

15.23 

2 

B 

15.14 

4615.1 

3 

D 

16.56 

2-5 
1-2 

nD 
B?? 

16.36 
17.16 

.3-8 

wD 

16.42 

"b?? 

4616.4 
4617.2 

6-7 

B 

18.09 

6-8 

B 

18.23 

3 

nB 

17.74 

4-8 

B 

18.15 

4618.0 

6 

D 

19.85 

2 

nD 

19.56 

1-2 

nD 

19.42 

3-4 

D 

19.40 

4619.6 

5 

B 

21.51 

2-6 

nB?? 

21.51 

B?? 

4621.5 

2-3 

nD 

22.99 

2 

nD?? 

23.26 

1-2 

nD?? 

22.47 

4622.9 

4-5 

B 

24.18 

B?? 

4624.2 

1-2 

B 

25.87 

4625.9 

nB? 

27.9 

2 

"i 

B?? 
nb?? 

27.10 
28!  66 

4627.1 
1  462 
4628.7 

wn  D 

29.84 

2 

1 
1 
2 

1 

nD? 
nB? 

B?? 
nB? 

D 

30.08 
30.98 
31.60 
31.68 
34.14 

4629.6 
4631.0 
4631.2 
4631.7 
4634.4 

1 

nD? 

37.60 

1 

nD 

38.07 

4637.6 

4-5 

B 

39.15 

5-8 

B 

39.07 

1-2 

nB 

38.78 

1-4 

nB 

38.96 

4638.9 

5 

D 

40.60 

4 

D 

40.59 

1-2 

nnD 

40.37 

5 

wn  D 

40.55 

4640.4 

D 

(39.5 
Ul-5 

1  464 

3 

nB 
nb 

42.10 

46^55 

5-6 
3 

"4 
4 

B 
B 

nn  b? 
B?? 
D 

41.90 
43.. 33 

46!  86 
53.08 
54.06 

B?? 
B?? 

4642.1 
4643.3 
4641.0 
4643.9 
4646.3 
4653.0 
4654.0 

i 

nb 
nB? 

56.33 
65!  44 

5 
3-4' 

D 

nB?? 

nb? 
B 

56.47 
60.42 

64;2i 
65.26 

!b?? 

4656.4 
4660.6 

1  465 

4664.1 
4665.3 

i 

nD 

68.60 

2-3 
2 

"i 

1 
1-3 

nD 

D?? 

nD? 

nnD?? 

D?? 

D?? 

nb?? 
nD 
B 

67.87 

82!  55 
88.78 

6i!98 

03.82 
09.75 

'1-2 

"i 

nn  D? 
nD 

nb? 

07.73 
74.92 

97!4i 

4668.1 
4674.9 
4682.3 
4688.6 
4691.1 
4697.0 
4697.2 
4702.0 
4703.8 
4709.8 

i 

nn  D 

14.97 

D?? 
wn  D?? 

i5!55 

4714.7 
4715.6 

|471 

head 

15.8 

head 

16.11 

4716.1 

max 

B? 

con. 
spec. 

17.0 

\  16.3 
(21.3 

3 

2 
2-3 

B 

B?? 

B?? 

16.75 
18.13 
20.59 

4716.8 
4718.1 
4720.5 
4716.4 
4721.3 

nD 

22.69 

2-3 

"2 

1 

nD 
con. 
spec. 
D? 
nB 
nD?? 

22.67 
(23.40 
i 27.70 

3i!63 
32.51 

0-1 

"i 

D 

"b 

22.29 
29!  71 

4722.6 

4729.2 
4731.6 
4732.5 

10 

wb 

36.43 

10 

wD 

36.43 

nnD 

35.09 

nD 

36.6 

47.36.2 

D 

(.34. 

D 

)37!8' 

47.34.0 

(38. 

47.37.7 

head 

37.7 

head 

37.61 

head 

38.4 

4737.7 

349 
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The  Spectra  of  Stabs  of  Secchi's  Fourth  Type 


TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADL^LL  VELOCITY— Conftnued 


1 

2!«  Scl^jellerup 

19  Pisciu 

.. 

318  Bi 

rmingham 

74  Schjellet 

up 

No. 

I 

I 

n  ten- 
sity 

Character 

Wave-Length 

Inten- 
sity 

Character 

Wave- 

Length 

Inten- 
sity 

Character!    .^"^fr       ^ 
Length 

nten- 
sity 

Character 

Wave- 
Length 

t.m. 

t.m. 

t.m. 

t.m. 

222 

4 

nB 

4739.10 

8 

B 

38.62 

5 

n 

B         38.79 

10 

nB 

38.69 

223 

1 

D?? 

39.85 

1 

n 

D          40.14 

224 

225   j 

B 

( 4737.6 
{4741.2 

R       J  37.9 
2       |41.7 

B?? 

(39.6 
|42.1 

226 

10 

nD 

4743.40 

7-8 

wD 

43.94 

10 

w 

D          43.94 

wnD 

43.84 

227    j 

D 

(4741.2 
(4745.2 

"       |45.6 

D 

\  42.3 

228 

head 

4745.37 

he 

ad          45.69 

head 

45.63 

229 

nB 

4746.99 

6-7 

B 

46.52 

4 

w 

B          46.77 

230 

231   1 

B 

(  4745.2 

R        (45.8 

B 

(45.6 
(48.6 

232 

2 

nD 

49.62 

nn 

D          49.50 

nnD 

49.2 

233 

234 

D?? 

235 

236 

wnB 

4755.71 

3 

B 

55.07 

B 

55.5 

237 

1 

D? 

56.23 

238 

2 

B 

56.94 

239   j 

B 

(53.3 

(57.7 

240 

4-5 

nD 

4758.99 

nD 

58.41 

4 

D          58.62 

3  4 

nnD 

58.83 

241 

B?? 

242 

B?? 

243   1 

B 

(60.1 
(65.8 

244 

1 

nD? 

4766.78 

D 

66.11 

nr 

D          66.47 

nnD? 

G6.;33 

245 

B?? 

246 

B?? 

247    1 

B 

(67.1 
(72.1 

248 

-2 

nD 

72.40 

2-3 

nn 

D          73.01 

nnD 

73.15 

249 

B? 

250 

251   1 

B 

(  73.9 

(78.2 

252 

wn  D 

4783.1 

nD 

84.  ii 

1-2 

nnD 

84.43 

253 

?. 

nD 

89.26 

254 

255  1 



B 

(90.1 
(96.3 

256 

8 

nB? 

02.44 

257 

S8 

2 

B?        10.54 

259 

nr 

D          12.03 

nD? 

i2.i 

260 

B? 

2 

r 

B?        13.98 

4 

nB?? 

13.99 

261 

2 

nD 

4815.44 

nD 

15.80 

3-4 

n 

D          15.62 

1 

wn  D 

16.01 

262   j 

jnnB? 

4818.26     j 

B 

18.0 
22.9 

263 

nnD? 

4822.75 

1 

-2 

nlJ? 

23.91 

3 

r 

D          23.86 

wnD 

23.51 

264 

2 

nB? 

4824.94 

B?? 

4-5 

wn  B?? 

25.97 

265   1 

266 

nD 

4826.52 

1-2 

nD 

27.81 

"3 

n 

D          28.21 

wnD 

28. '23 

267 

3 

r 

iB          30.46 

6 

nB 

30.. 3<! 

268 

"J 

n  D 

4a32.49 

i-2 

nD 

32.51 

4-5 

71 

D          32.56 

5 

nD 

32. '■)7 

269 

1 

nD 

36.. TO 

nD 

.36,2 

270 

nnD? 

48.39.78 

1 

nD 

.•»).19 

. 

wnD 

.39.. 'JO 

271 
272 

1 

D 

43.49 

1 

D          43.(52 

1 

nnD? 

42.9 

273   j 

274 

275 

1 

nD 

55.34 

nn 

D          55.47 

1 

nD 

55.64 

276 

nn  B? 

4&57.42 

B?? 

1 

r 

B?        57.68 

3 

nB 

57.68 

277 

i 

nD 

.59.46 

278 

» 

B 

4861.38 

350 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VELOCITY— Consumed 


78  Schjellerup 

132  Schjellerup 

115  Schjellerup 

1.52  Schjellerup 

Mean 

WAVE-LENGTn 

Inten- 

Character 

Wave- 

Inten- 

Character 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

sity 

Length 

sity 

Length 

sity 

Length 

sity 

Length 

5 

B 

t.m 
38.95 

5-7 

B 
nD?? 

t.m. 

38.79 
39.84 

3-4 

1 

B 
nD 

t.m. 
.38.92 
40.19 

B?? 

t.m. 

39,. 50 

t.m. 
47.38.9 
4740.0 

4-5 

nB 

41.08 

4741.1 

con. 

37.8 

B 

(37.8 

B 

(.38.4 

47:57.7 

spec. 

42.2 

?42.6 

J41.1 

4741.8 

i( 

i 

wD 
D 

44.01 

(42.2 

io 

wD 

44.00 

10 

wD 

43.67 

D 

(4i:i' 

4743.8 
4741.7 

|45.4 

)45.5 

4745.7 

head 

45.43 

head 

45.21 

head 

45.43 

head 

45.5 

4745.5 

ma; 

I 

B 
B 

46.72 

(45;8' 

7 
6 

nB 
nB 

46.38 
48.. 32 

4-5 

B 

40.70 

max 

B 
B 

47.05 
(45!5' 

4746.7 

4748.3 
4745.5 

; (57.9) 

(49.3 

4748.9 

] 

nD 

49.90 

2-3 
4 

nb?? 
nB 
D?? 

49.40 
50.43 

nnb? 

49.49 

'16 

wb 

head 

51!  59 
53.06 

4749.5 
4750.4 
47.51.6 
47.53.0 

5 

nB? 
nD?? 

55.16 
56.06 

nnB? 

55.11 

2 

nB 
nD?? 

55.07 
56.11 

47.55.3 
4756.1 

3 

nB? 

56.93 

nnB? 

50.40 

4 

B 

57.04 

4756.8 

B 

(45.3 

47.53. 

(58.3 

47.58.0 

2- 

-3 

nD 

59.00 

D? 

wn  D 

.58.90 

3 

nD 

59.34 

4758.9 

3 

11  B?? 
nB?? 

60.07 
02.93 

2-4 
3 

nB 
B 

60.80 
63.37 

4700.4 
4703.2 

I  470 

] 

nD 

66.55 

nnD?? 

66.47 

nnD 

66.98 

2 
2 

1 

nD 

nB? 

nB? 

06.54 
07.94 
69.58 

4766.5 
4767.9 
4769.6 

I  476 

1- 

2 

nn  D 
B 

72.70 
(74.6 

1-2 

nnD?? 
nnB? 

72.77 
74.78 

2 

nD 
B 

72.15 
(  73  .'2' 

.3-4 
1-2 

D?? 
nB 
nD?? 

75.18 
70.82 

4772.7 
4775.0 
4776.8 
4773.7 

(78.7 

(78.4 

4778.3 

2 

nD 

84.. 54 

1 

nD 

84.78 

nnD? 

84.32 

1 

nD? 

84.84 

4784.5 

1 

nD 

89.78 

1-3 

nD 

89.07 

1 
max 

nD 
B 

B 

89.. 35 
94.. 37 

(90.4 

nD? 
B? 

89.66 

4789.5 
4794.4 
4790.3 

(96.2 

4796.3 

max 

B 

02.27 

4802.4 

1-2 

nD 

06.89 

wnb?? 

00.. 30 

wn  D 

05.82 

1 

nD?? 

05.74 

4806.2 

1 

nB? 

11.34 

2 

nB? 

10.20 

4810.7 

1 

nnD 

12.28 

' '  B?? 

1 
2 

nD 
nB? 

11.72 
13.92 

4812.0 
4814.0 

3 

wn  D 
B 

16.06 
(  (16.9) 

1-3 

nD?? 

15.93 

B 

(22.1 

1-2 

nD?? 

16.15 

4815.9 
4817.2 

I2I.7 

4822.3 

nnD 

24.02 

1 

nD? 

23.90 

1 

nD 

23.27 

1-2 

nD?? 

23.86 

4823.8 

4 

nB 

26.29 

1-2 

B?? 
B 

26.05 
$24.7 
(27.1 

2 

nB? 

25.69 

B? 
B 

25.85 
$24.7 
(26.9 

4826.0 
1  482 

3 

nb 

28.. 31 

2 

nD? 

28.19 

1-2 

nD 

27.88 

1-2 

nD 

27.90 

4827.9 

3  4 

B 

30.66 

2-4 

B 

30.. 31 

2-3 

nB? 

.30.12 

4-5 

nB 

.30.56 

48.30.4 

4-5 

D 

32.61 

2-3 

D 

,32. 30 

1-2 

nD 

.32.48 

4-6 

D 

32.46 

4832.5 
48.30.3 

i 

nnD 

40.27 

0-1 

nD?? 

39.45 

nD?? 

38.93 

48,39.5 

1 

nD 
B 

43.. 50 
$56.'i' 

1-2 
1-2 

nD 
nB 

con. 

43.48 
45.16 
56.7 

4843.4 
4845.2 
4856.4 

(59.0 

spec. 

59.1 

48.59.1 

i 

nnb 

51.97 

i 

nD? 

51.40 

nnD? 

51.87 

1 

nnD 

51.91 

4851.8 

1-2 

nD 

35.73 

nnD?? 

55.19 

4855.5 

2 

nB 

57.76 

ma.x 

B?? 

57.77 

2-3 

B 

58.05 

48,57.7 

1 

nnD? 

59.99 

1 

nnD?? 

.59.29 

1 

nD 

.59.65 

48,59.6 

2 

nnB 

01.45 

max 

B 

61.46 

1-2 

nB?? 

60.72 

4861.3 

351 
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The  Spectra  of  St.^rs  of  Secchi's  Fovktu  Type 


TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADL\L  VELOCITY-ConK«M«rf 


ZSDSchjellerup 

19  Pwcium 

318  BirmiTtgham 

74  Schjellerup 

No- 

Inten- 

Character 

Inten- 

Wave- 

Inten- 

Wavo- 

Inten- 

W'ave- 

sity 

sity 

Length 

sity 

Length 

sity 

Li-ngth 

t.m. 

t.m. 

t.m. 

t.m. 

279    1 

B 

(4860.1 
i 4862.9 

280 

3 

nD 

4865.11 

1 

nnb 

66. i 

281 

3 

nnD 

(4865.11) 

1 

nnD 

(66.11) 

282 

283 

nn  D? 

71.83 

1 

nb 

71.90 

284 

nnb 

4875.27 

nn  D 

76.14 

nn  D 

75.8 

285 

286 

max 

B 

(4878.53?) 

B? 

287    1 

B 

(  4876.6 
H880.5 

288 

nnD? 

4882.07 

2-3 

nD 

si.  69 

3 

nD 

81.55 

2-3 

nD 

81.75 

289 

290 

291    1 
292 

293 

nnD? 

4890. ra 

1 

\vD 

90.9 

294 

max 

B 

4898.14 

max 

B 

98.88 

295   j 

B 

(4595.7 
I  4899.8 

296 

1-2 

nnD 

4900.70 

2 

nnD 

00.81 

2-3 

nD 

00.95 

wnD 

01.37 

297 

298   j 
299 



300 

301 

302 

nnD? 

4920.65 

1 

nD 

21.03 

wn  D 

20.78 

wnD 

20.97 

303   j 

304    ' 

1 

nD? 

24.91 

1 

nnD 

25.24 

306 

1 

D 

34.47 

wD? 

34.  ii 

306 

307 

1-2 

nD 

58.40 

308 

309, 

310 

head 

5169.7 

bead 

68.0 

head 

68.8 



311   1 
312 



5 

wD 

73.57 

3  4 

D 

73.21 

313 

B?? 

max 

B 

76.5 

314    1 

315 

nnD 

5183.  a3 

4-5 

D 

83.65 

nnD 

a3.72 

316   J 

D 

(81.7 
I&5.5 

317 

1-2 

B 

87.31 

318   \ 

B 

(85.5 
(91.7 

B?? 

(  ft-.. 5 
191.4 

319 

320 

321 

.  :         a  D 

5193.81 

3 

b 

93.06 

1 

D 

93.  m 

322 

1-2 

nB 

97.10 

max 

B 

97.18 

323 

324 

1-2 

nB?? 

04.02 

325    ^ 

B 

(94.8 
(04.5 

326 

327 

wb 

08.35 

328 

wD 

5209.97 

D 

10,19 

329   \ 

D 

(5204.3 
\  5213.0 

D 

504.9 

hi. 7 

D 

(04.6 
ill.l 

330 

3  4 

B 

14.  &3 

331 

1 

nD 

16.75 

2 

nD 

16.53 

D?? 

16.58 

332 

3 

nB 

18.75 

333   1 

B 

(17.5 
(24.6 

B 

((12.2) 
(24.2 

334 

8 

wnD 

5226.19 

6 

wn  D 

26.19 

6 

wnD 

26.33 

6-8 

wn  D 

26.17 

352 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VELOCITY— Continued 


78  Schjellerup 

132  Schjellerup 

115  Schjellei-up 

152  Schjellerup 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave- 

Length 

sity 

Length 

sity 

Length 

sity 

Length 

sity 

Length 

t.m. 

t.m. 

B 

t.m. 
^55.5 

t.m. 

t.m. 
486 

}m.8 

1 

nnD?? 

65.09 

4865. i 

1 

nD?? 

67.74 

1-2 

nD 

67.43 

nnD?? 

67.49 

4867.7 

1-2 

B 

69.82 

3 

nB?? 

69.26 

3 

nB 

68.97 

4869.4 

3 

nD 

71.57 

2 

nD?? 

71.43 

2-4 

nD 

71.32 

4871.6 

1-2 

nD? 

75.56 

2-3 

nD?? 

75.52 

2 
1 

nD 
nnD?? 

75.33 

78.32 

4875.6 
4878.3 

1-2 

nB 

79.81 

5 

wnB?? 

79.45 

2-3 

nB 

79.61 

4879.6 

(487 

3 

D 

81.71 

2-5 

D 

"b?? 

81.53 

1 

nD 

81.09 

4-7 

4 

3-5 

'2-3 

D 
nB 
nD 

D 

nB 

81.. 52 
a3.49 
85.90 
(84.5 
i87.3 
88.04 

4881.6 
4883.5 
4886.0 

J488 

4888.0 

nnD? 

91.1 

i-2 

nD?? 

91.11 

1-2 

nD 

89.88 

1 

nD 

90.8 

4890.3 

3 

nnB? 

98.80 

max 

B?? 

98.90 

B 

(93.2' 

3-8 

nB? 
B 

98.70 
(92.2 

4898.7 
4893 

ioi.4 

5  00.3 

4900.5 

1 

nD 

01.31 

1-2 

nD? 
■  ■  B?? 

00.67 

2 

D 

01.87 

3 

5-6 

'3-4 
3-4 

nD 
nB? 

B 

wnD? 
nB? 

01.18 
03.78 
(02.3 
04.9 
06.41 
08.42 

4901.1 
4903,8 

(490 

4906.4 
4908.4 

1 

nnD? 

09.83 

3 

nD 

10.59 

4910.2 

2-3 

wn  D 

21.00 

4 

wnD?? 
D 

20.52 
$19.1 
(21.5 

1 

nnD? 

21.23 

4-5 

wnD?? 

20.54 

4920.8 
|-491 

1 

nD? 

25.39 

1 

nD?? 

25.03 

1 

nD 

24.91 

4925.1 

1 

nD 

as.  81 

2-3 

nD 

34.01 

'1-2 

nb 

45!  60 

4934.1 

4945.6 

nnD? 

57.60 

2 

nD?? 
wnD 

"b?? 

58.05 
82.02 

68^04 

"2 

wnD 

nD 

head 

B? 

si '.6.5 
67.24 

68.2 
(68.2 

2 

nD?? 
head 

57.68 
67.6' 

4957.9 
4981.8 
5167.2 
5167.9 
5167.9 

jn.s 

5172.8 

6 

wn  D 

73.30 

3-4 

nD 

72.85 

4 

nD 
B 

73.79 

(  75.6' 
I  83.2 

8 
2 

D 
B?? 

73.27 
75.43 

5873.3 
5175.4 

(517 

1 

nD 

83.94 

wD 
D 

83.. 50 
(81.2 

2-0 

nD 

83.61 

5-6 

nD 

84.08 

5183.8 
.5181.5 

|85.2 

5185.4 

B? 

. 

B 

86.7 

7 

B 

87.36 

5187.3 

B 

$85.2 

B 

(85.3 

5185.4 

)91.9 

192.-2 

.5191.8 

1 

nD 

89.17 

1 

nnD?? 

89.23 

i 

nD? 

89.43 

2 

D?? 

89.09 

5189.2 

B? 

2 

nB 

90.80 

7 

B 

90.97 

5190.9 

3 

wn  D 

93.21 

3 

nD 

' '  b?? 

B 

93.04 
(94!3' 

nD 
B 

93.69 
(95.8' 

6 

"i 

2 

D 

"b 

B?? 

93.30 

62  lis 

03.85 

5193.3 
5197.1 
5202.4 
5203.9 
5194.9 

104.1 

/04.9 

5204.5 

2 

nD 

05.84 

D 

(Olil' 

D 

J  05.6' 

2-3 

nD 

05.86 

5205.8 
5208.4 
5210.1 
5204.6 

|ll.8 

U3.O 

2 

nnB? 

14.22 

B? 

4 

nB 

14.35 

5 

B?? 

i4.4i 

52i4.4 

1-2 

nD? 

16.68 

1 

nnD?? 
B?? 

16.52 

nnD? 
B 

16.67 
(  i8'.6' 

5 
4 

nD 

B?? 

16.84 
19.12 

5216.7 
5218.9 

?25.0 

5224.6 

9 

wn  D 

26.35 

5 

D 

27.28 

8 

nnD 

26.78 

5 

D 

26.98 

5226.5 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADL^L  VEhOCITY -Continued 


280  SchJeUerup 


318  Birmingham 


Inten- 
sity 


Wave- 
Lenifth 


Inten- 
sity 


Wave- 
Length 


Inten- 
sity 


Wavo- 
Lengtb 


337 
338 
339 
340 
3il 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
K9 
360 
361 
362 
363 
361 

365 

366 
367 
368 
369 

370 
371 
372 
373 
374 
375 

376 

377 
378 
379 

380 
381 
382 

3a3 

384 
385 
386 
387 
388 
389 
390 

391 

392 
393 
394 

395 


2-3 
2 
1 


3-4 
2 


2-3 


2-3 

1-2 

1 
1  2 


nD 

nb 

nnb? 
nD 

nb 
nD 
nD 

nnb 

nnb 

nnb? 

wb 
nnD? 


wD 

"b 

nnD 

"b 

B? 
nnb 


B 
D? 


B? 
nD 


B 
B 

nD 
B?! 
D 
B? 

nD 


5247.48 

525i'.3' 

5265.26 
5270.62 

5283! 24 
5298.16 
5302.72 

5307.97 

Mis',  si 


5329.80 
5337.05 


5341.84 


5350.43 
5353.37 


5372.07 


5375.22 
5377.48 


5380.54 


[5.378.0 
15381.5 


5391.56 


5397.47 

;  5.399!9' 
15405.7 
5406.26 

.5408!. 34 
5410.55 


5418.34 
(  5413.5 
/  5-419.1 
.'>12fJ.44 
5423.39 
5425.90 
5427.. 39 
54.30.. 33 


5 
1 

6 

2 
1-2 
4-5 

2 
2-3 

"2 

2 

4 

2 

1 

5 
1-2 

3 

2 

"3 
2 


1 

2 

2 

8-9 


1-2 
'2 


3 

1-2 
1 

7 


B?? 


D 

B?? 

D 

"b 

nD? 

"b 

nB?? 
nD? 
nD 
nD 
B 

nB 
nD 
nB 
nD 
nD?? 
v.D 
nD 
nB 
D 

wn  D 
nB 


D 
nD 

B 
wD 


nB 


nD 
B? 


nD 


2-3 

nD 

4 

B 

1 

D 

3-4 

B 

3 

D 

29  70 


34.27 


39.94 
47!  56 


51.44 
55.96 


70.46 
79.59 
83.17 
98.19 
02.76 
05.26 


13.22 
15.27 
17.91 
20.99 
25.32 
29.03 
36.94 
39.36 
41.30 


50.07 
52.71 


62.99 
66.94 


71.70 


75.38 
77.58 


79.82 


91.09 


97.58 
04.06 


06.43 


10.28 
12.64 
14.45 
17.29 


20.17 
23.23 
25.24 
27.99 
30.39 


2-3 


2-3 

2 


4-5 

1 
2-3 

3 

2-3 
6 
2 

"4 
1 
3 
4 


2 
3-4 


6-8 


2-3 


nD 


nD 
nnD 

nb 
nB?? 

nb 
nnD 
nnB 

nB 

nD 

wn  B 

nD 

"b 

nD 
B? 
D 


nD 

nB 

D 


nB 
nD 


nB 


wn  D 
B 


nD 

B 

nD 

wB 


nD 

B 

nnD 

nB? 

nD 


t.m. 
(29.81) 


34.22 
39!e9 
47!34 


51.28 
55.60 


70.02 
79.68 


97.77 
02.24 
04.84 


12.98 
15.12 
17.57 
(20.61) 


28.70 
36.83 
39.03 
41.25 


,51.1 
!61.1 

66!  47 
68. G8 
71.50 


74.92 
77.36 


79.72 


9G.81 
03.72 


10.  .37 
12.46 
13.91 
16.64 


20.22 
22.78 
24.82 
(26.67) 
30.13 


2-3 
3 


1 
3 

1-2 

"i 
'i-2 


3-4 
2-3 


2 
3-4 


B 

nD 
nB? 

nnD? 

nnB?? 
nD 

lib 

"b? 

wD 

nb 

nnD 

nD 


nD 
nB 


nD 
nD 
nB?? 
nD 

nb 


nnD 
D 


wD 


nB 
nD 


nB 


nnD? 
D?? 
nB? 


B 
nD 


nD 
nB 


nD 
B 


n  B 
nD 


^28.8 
?33.3 
.33.95 
37.06 
40.12 
44.80 
47.32 

si!  66 

65.75 
70.17 

8.3  !9i 
97.70 
02.47 


15.30 
17.50 


29.00 
36.65 
38.10 
41. .35 

49!  83 


61.89 
66.35 

7i!52 

74!  76 
77. ;» 

79!9i 
84!  69 

9.3  !6i 

97!  28 


i05.3 
06.28 


10.. 31 
12.. 32 


19.60 
22.97 


27.09 
29.87 
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TABLE   OF  MEAN  WAVE-LENGTHS   CORRECTED   FOR  RADIAL   VELOCITY— Con^mwed 


78  Schjellerup 


nD 
nnD? 

nb 
nnB? 
nnD 

nD 

nD 

nB 
nnD 

nB 

nD 

nB 
nnD? 

nb 

nD 

nB?? 
D 
nnB? 
wn  D 

nB 


nnD 

nB 

D 


B 
nD 


wn  B 


wnD 
nnD 


nD 
nB 


nD 
nB 


nD 


Wave- 

Length 


51.47 
55.25 


70.55 
79.75 
83.43 
97.63 
02.14 
04.97 
07.44 
13.07 
15.09 
17.58 
20.19 


29.00 
36.86 
39.12 
41.59 
44.64 
49.57 
52.23 


6G.51 
68.93 
71.68 


75.05 

77.38 


84.87 
90,40 


14.40 
17.28 


20.53 
23.13 


132  Schjellerup 


Inten- 
sity 


3 

max 
1 


3 
1 

4-5 
1-2 

1 

3 

1 


1 
1-2 
2 
3 

"i 
1 


1 
1-2 

2 
10 


4-5 
1 


1-2 
1-2 
4-5 


4 
3 
1-2 


nD 

B 
nD?? 

B?? 
nD 

"b 

nD 

"b 

B?? 

nnD?? 

D 

nD?? 

B? 

"b? 

nD 
B? 

wnD?? 

nb 
nD 

B?? 
nD 


B?? 


nD 

nD 

B 

w  D 


B 
nD 


nB?? 


nD 
D? 


nD 

B 
nD?? 

B 


D 
nB 
nD 


Wave- 
Length 


33.91 

36 

52 

39 

79 

47 

4i 

51 

46 

55.60 

70.41 
79.46 
83.90 
98.11 
02.35 


13.43 

15.28 
17.76 
21.13 


29.06 
36.82 

4i'.63 


52.52 


62.99 
66.72 
69.05 
71.89 


75.15 

77.44 


10.59 
12.39 
14.09 
17.06 


20.43 
23.05 
25.03 


11.5  Schjellerup 


Inten- 
sity 


2-3 
6 


2-3 


1-2 
3 

7 


4-5 


3 
3 
1-2 


B 

B 

nD 
wnB 
nnD 
wnB 
nnD 

nnb 


nD 
nnB? 


nnB 

nB 

nD 

nB 

nnD 


nD 

nB 

nD 

nnB 

,'nB 
B 

nb 

nB 

wnD 


B 
nD 

wn  B 
B 

wnB?? 

B 
wnD 

B 


nD 

nB 

nD 

wn  B 


nnD? 

nB 
nnD? 

n  B 
D 


t.m. 

30.73 
;28.6 
'32.6 
33.99 
36.70 
39.96 
44.70 
47.19 


51 

83 

76!  75 
80.10 

98 

37 

05 

is 

13.13 
15.30 

17.81 
20.71 


36.97 
39.29 
41.78 
44.71 


52.39 
j  55.4 
'64.8 


65.99 
68.71 
71.64 
,70.1 
I  73.7 
75.01 
77.29 


\  78.5 
"/82.1 


93.21 

(|87.5 
^94.1 
96.75 


i99.0 
'08.0 


09.80 
12.30 
13.80 
17.00 


20.49 
23.45 
25.36 
27.18 
30.17 


l.Vi  Schjellerup 


Inten- 
sity 


5 
10 
1-2 

3 

6 

5 

8 

2 

1 

5 

2 
1-2 

2 


4 
3 
1-2 

"i 

3 
1-2 

7 
7 
6 

'3^ 


1 
3-4 

10 
9 


3 
1-2 


D 
B 

nD?? 

B?? 

D 

B? 

D 

D 

D 

D 
n  B? 
nD 
nD 

"b? 

'    B 
D 

B?? 

"b 

D 
nD 
B 
D 
B 


nD 
D 
B 
D 


D 

B 

B 

nB 


D 

nD?? 


wn  D 
B? 


nD?? 


nD 
nB 
nD 


Wave- 
Length 


33.44 
36.22 
38.98 
44.87 
47.21 
49.22 
51.31 
55.31 
66.22 
70.05 
79.47 
84.33 
97.40 


13.20 
15.40 
17.36 


25.21 
28.54 
37.30 
39.37 
41.61 
44.31 


52.25 


62.50 
66.70 
69.11 
72.10 


74.98 

77.07 
78.92 
79.91 
81.44 


82.9 


97.88 
03.50 


20.13 
22.50 
24.41 


t.m. 

5229.2 
5228.7 
52.33.0 
52.34.0 
52,36.6 
52.39.8 
.5244.8 
5247.4 
5249.2 
5251.5 
.5255.5 
5265.7 
5270.4 
5279.7 
5283.7 
5298.0 
5.302.4 
5.305.1 
5.307.5 
5313.2 
5315.3 
5.317.6 
5320.8 
5325.3 
5329.0 
5336.9 
53.39.1 
5341.5 
5344.6 
53i0.0 
5.352.6 

I  535 

5362.6 
5366.5 
5.368.9 
5371.8 

I  537' 

5,375.1 
5377.4 
5.378.9 
5380.2 
5,381.4 
5.378.3 
5.382.2 
5.384.7 
5.391.0 
5.393.1 

I  5,38 

.5,397.3 
5403.8 
5.399.4 
5405.5 
5406.5 
5408.3 
5408.3 
5410.3 
5412.4 
5414.1 
5417.2 

I  541 

5420.3 
5423.1 
5425.1 
5427.4 
.54,30.2 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADL\L  VELOCITY— Continued 


280  SchJellerup 

19  Piscium 

S18  Birvtingham 

74  Schjetlerup 

No. 

Inten- 

WaTe- 

Inten- 

Wave-      I 

Q  ten- 

Wave- 

Inten- 

Wave- 

sity 

Length 

sity 

Length 

sity 

Length 

sity 

Leugth 

397 

1 

nB 

t.m. 
54.32.68 

2 

B 

t.m. 
32.38 

2 

'B 

t.m. 
32.13 

1 

nB 

t.m. 
32.14 

398 

2 

nD 

5434.66 

12 

D 

34.20 

1-2 

D 

33.99 

2 

nD 

34.25 

399 

2 

D?? 

5439.06 

1 

D 

38.86 

1 

nnD? 

38.06 

400 

401 

4 

B 

45.19 

402    1 

B 

(5440.7 
(5446.5 

B 

(39.2 
(45.7 

B 

(.38.6 
(46.1 

403 

4 

nD 

5448.31 

6 

D 

48.09 

7-8 

nD 

47.72 

5 

nD 

47.94 

404 

6 

wB 

5452.64 

3 

B 

51.05 

5 

B 

50.60 

405 

3 

B 

53.85 

3 

nB?? 

(53.02) 

406    j 

B 

(5450.3 
(5455.0 

407 

4 

nD 

5456.54 

3 

D 

56.96 

2 

nD 

56.43 

2  3 

nb 

56.54 

408 

1-2 

B 

5459.07 

2 

B 

59.14 

1 

B 

58.92 

1-2 

B 

58. a3 

409 

2 

D 

5461.13 

2 

D 

60.99 

2 

nD 

60.8-1 

2 

D 

60.49 

410 

B 

62.96 

2 

B 

62.60 

411 

2-3 

B?? 

5464.01 

3-4 

B 

63.76 

2 

B 

412 

B 

65.15 

413 

B 

<61.3 
(65.7 

B 

(61.4 
(66.2 

414 

: 

nb 

5466.93 

2 

nb 

67.83 

2 

nD 

67.06 

wD 

67.60 

415 

D?? 

i::::: 

D? 

<65.7 
(70.3 

416 

2-3 

B 

72.43 

6 

B 

72.10 

3 

nB 

71.77 

417 

: 

nD 

5475.08 

1-2 

nD 

74.56 

2 

nD 

74.38 

2 

nnD 

74.. 33 

418 

1-2 

nD?? 

78.09 

2 

nD?? 

77.56 

1 

nD 

77.89 

419 

4 

B 

80.89 

2-.3 

nB 

(80.03) 

4 

nB? 

80.25 

420 

: 

nnb?? 

5483.08 

2 

D 

82.73 

1 

nD 

83.05 

1-2 

nnD 

82.64 

421 

422 

B?? 

423 

3-4 

D 

98.13 

3 

nD 

97.75 

424 

2 

nD 

01.81 

425    1 
426 

head 

03.1 

427 

nD 

5507.19 

1 

D?? 

07.18 

0-1 

nnD 

07.06 

1 

nD 

06.  ()6 

428 

2-3 

nB 

09.51 

2 

nB? 

08.64 

429- 

t 

: 

nB?? 

5510.00 

2 

B 

10.72 

430   j 

con. 

(5508.6 

spec. 

(5512.9 

431 

1-2 

nb?? 

12.70 

2 

nnD 

12.28 

432   1 

D 

(.5512.4 
(5517.9 

433  j 

con. 

(  5518.2 
(5527.8 

B 

<  13.8 

spec. 

(  23.0 

434 

i 

nb 

24.44 

2 

nD 

24.. 35 

1 

wnD 

24.19 

435 

436 

2 

nD 

5528.85 

1 

D?? 

28.28 

i 

nnD?? 

29.09 

437 

2 

nB? 

55.31.66 

2 

B 

31.96 

438 

1 

nD? 

5533.79 

1 

D 

33.87 

1 

nD 

.33.89 

1 

nD 

.33.66 

439 

7 

wnD 

39.73 

8-9 

nD 

39.22 

8 

wn  D 

,39.25 

440   1 

D 

(  5.537.4 
(5542.4 

441 

.  head 

41.8 

bead 

41.4 

442 

4 

B? 

43.44 

1-2 

C 

43.57 

443    1 

B 

(41.8 

B 

U1.4 
(47.0 

444 

445 

1 

D 

48.34 

1-2 

nD 

48.. 31 

446 

1 

D?? 

52.42 

1 

nD 

52.53 

1 

nnD 

.52.20 

447 

max 

nB 

5554.54 

3 

B 

54.29 

2 

nB 

54.. 35 

1 

nB? 

53.91 

448 

nnD? 

5557.27 

1 

D 

56.32 

1-2 

nD 

56.28 

1 

nD 

55.80 

449 

1-2 

D 

62.55 

1-2 

nD 

62.68 

450 

2-3 

B 

64.49 

2 

nB 

64.70 

1-2 

B 

64.73 

451 

nnD 

5567.60 

2 

D 

66.60 

1-2 

nD 

66.86 

2 

nD 

66.57 

452 

1 

D 

70.29 

1 

nD 

70.16 

0  1 

nnD 

69.96 

453 

nB? 

5572.04 

1 

B 

71.85 
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TABLE  OP  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VEJjOCITY^  Continued 


78  Schjellerup 


Inten-      Character      J^^^f: 
sity  Length 


nD 
"  B 


nD 
B 


B 
nD 


wn  D 


nB 
nnD? 
nnD? 


D 

head 

nB 


nnD? 
D 


head 


nD 
nD 


nD 
nD 


nD 
nD 


34.57 
42!54 


;39.7 
146.0 
'47.62 
51.08 


:49.0 
55.1 
56.81 


72.63 

74.46 
78.25 


98.22 


[96.8 
i  03.9 
"03.8 


25.45 


(34.62) 
39.55 


42.1 


,42.1 
'47.3 


48.60 
52.45 


56.38 
62.76 


67.23 
70.36 


'73.6 


132  Schjellerup 


Inten-    character      t^"^?: 
sity  Length 


3 

1-2 


3 

1 

1-2 


1-2 
5 
4 


B 

D?? 

D?? 

B?? 

B?? 


nD 
nb 
B? 


B? 
nD? 
nD?? 

B?? 
nD 

nB? 

D 

nD 


nD?? 
wnB? 


spec. 
nD 


nnD?? 


nD 
D 


nB? 
B 


nD 
nnD 
nB? 
nD 

"b 


32.25 
34.35 


47.73 
50.91 


56.92 


66.75 


72.40 
74.20 
78.04 


82.99 


95.65 
97.92 
02.31 


12.46 


;13.9 
'23.2 
24.36 


33.86 
39.81 


43.61 
;44.6 
46.7 


56.30 
62.20 
64.54 
66.84 


71.66 


115  Schjellerup 


Inten-    character      J^^ve- 
sity  Length 


7 
4-5 


5 
1-2 


2-3 

1-2 

2 

2 

1 
1-2 


nB? 


nD 
B 


nnD 
nB? 
nD 


B 
nD 

nnB? 

nnD 

nnB 


head 


B? 
nnD 


B? 

nnD 
nD 


nD 
D 


head 


nD 

D 

nB 

nD 

nD? 

nB 

nD? 

"b 
"b 


;40.3 
'44.9 
'47.54 
50.89 


56.46 

58.88 
60.80 


72,:!1 
74.34 


80.91 
83.60 
86.18 


05.0 


,05.0 
'  10.4 
12.20 


,  14.5 
'  23.4 
23.95 
25.25 


33.96 
39.54 


41.8 

\  ii'.s 

}  46.7 


48.45 
52.80 
54.48 
56.36 
62.40 
64.87 
67.42 


71.24 

67.7 

73.1 


152  Schjellerup 


Inten-    character       Wave- 
sity  Length 


1-2 
2 
3 


1-2 


B?? 
nD 

D 
nB 


wD 
B 


iD 
nnb 


wn  D 
wn  D 


w  D 

'"b 


nD 
nD 


nD 


t.m. 

32.23 
34.35 
38.93 
42.70 


47.06 
50.90 


57.13 
6i!i8 


74.35 

si!  58 
87 '63 


32.6 
39.31 


46.56 
52!  64 


56.24 
62.50 


t.m. 
5432.3 
5434.3 
54.38.6 
5442.6 
5445.2 
54.39.8 
5446.0 
5447.8 
5450.9 
54.53.9 
5449.7 
5455.0 
545G.7 
54.58.9 
5460.9 
5462.8 
54&3.9 
5465.2 
5461.4 
5466.0 
5467.4 

I  546 

5472.3 
5474.5 
.5478.0 
5480.9 
5483.0 
5486.6 
5495.7 
5498.0 
5502.1 

I  550 

5504. 

5507.0 

.5509.0 

5510.4 

550 

551 

.5.512.4 

.5514. 

552 

5524.3 

5525.4 

.5528.6 

5531.7 

5533.9 

5539.5 

f  553 

5541.8 
5543.5 
5541.8 
5546.9 
5546.6 
5548.3 
5552.5 
5554.3 
5556.4 
5.562.5 
5564.7 
5567.2 
5570.2 
5571.7 

^56. 00 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VELOCITY-  Covtintted 

2S0  Schjellerup 

19  Piscium 

318  Birmingham 

74  Schjellerup 

Inten- 
sity 

Charactei 

Wave-Length 

Inten- 
sity 

Character 

Wave- 

Leugth 

InteD- 
sity 

Character 

Wave- 
Length 

Inten- 
sity 

Character 

Wave- 
Length 

455 

t.m. 

1 

D 

t.m. 
73.57 

1 

D? 

t.m. 
73.9 

1 

D 

t.m. 
73.41 

456 

D?? 

457 

i-2 

nD 

5584.65 

8-9 

D 

83.98 

9-10 

w  D 

83.70 

9 

83.98 

458    j 

D 

\m.8 

459 

head 

85.8 

head 

85.6 

460 

2 

nB 

5587.54 

4 

B 

86.95 

5 

B 

86.96 

4 

B 

86.89 

461 
462 

1-2 

nD 

5589.99 

1-2 

nD 

89.32 

1 

D 

89.14 

1 

nD 

88.97 

463 

1 

nB 

5593.21 

1-2 

nB 

92!  27 

"i 

nB 

92;53 

464    1 

465 

1 

nD 

94.51 

1 

nD 

94.40 

1 

nD 

94.62 

466 

2 

nB? 

5597.94 

4 

B 

97.51 

6-7 

B 

97.55 

4 

wnB 

97.37 

467 

1 

nD? 

99.60 

1 

nD 

99.81 

1 

nnD 

99.58 

468 

2 

nD?? 

09.33 

wn  D 

09.74 

2 

nD 

09.49 

469   j 

470 

1 

nD 

is!  56 

471 

2 

B?? 

17.38 

2 

B 

17.42 

472 

3 

b 

5620.92 

2 

D 

20.07 

nnD 

20.31 

3-4: 

D 

20.20 

473 

4 

D 

5625.96 

3 

nD 

24.71 

5 

nD 

24.68 

5 

wn  D 

24.78 

474    j 

D 

(18.5 
^26.1 

475 
476 

1-2 

B? 

27.70 

1 

nB 

27.76 

477 

6 

B?? 

5630 ! 26 

"2 

"b? 

36!  69 

i 

nB? 

.w'si 

478    j 

B 

(5627.9 

B 

(26.1 

B? 

(26.6 

}  5632.0 

;31.2 

I  32.2 

479 

7 

D 

56;i4.a5 

10 

D 

34.21 

10 

w  D 

34.11 

10 

wD 

34.20 

480   1 

481 

head 

5a36.78 

head 

36.23 

head 

37.13 

head 

36.68 

482 

3 

B 

37.59 

2 

nB 

37.99 

483 

3 

B 

41.12 

2 

nB 

41.33 

484    1 

B 

(37.1 
)42.3 

485 

nn  b 

5645.22 

1 

nD 

44.07 

1 

nD 

43.74 

2 

nD 

43.71 

486 

2 

nB?? 

46.75 

487 

i 

nb? 

5650. is 

1 

D?? 

49.88 

1 

nnD 

49.85 

488 

%^i 

B 

53.00 

489 

3 

B?? 

55.10 

max 

B 

55.42 

490  1 

B 

(565i.3 

J5a57.2 

B 

(45.1 
J  56.4 

B 

(44.8 
(57.2 

491 

i-2 

nD 

5658.23 

2 

D 

58.60 

3 

nD 

58.25 

492  1 

493 

1 

nD 

5671.71 

1 

D 

70.  a3 

1 

nD 

71.44 

4 

wn  D 

71.26 

494 

1 

B? 

5674.74 

3 

B?? 

73.75 

4 

nB 

73.59 

2 

B? 

74.35 

495 

496 

1-2 

D 

5677.33 

1-2 

D 

76.41 

1 

nD 

76.76 

2 

wn  D 

76.74 

497 

1 

nB 

79.21 

1 

1 

B 

79.24 

498 

1 

nB 

84.29 

499 

i-2 

nnb 

(5687.93) 

1 

nD 

87.11 

1 

D? 

(88,0) 

1 

nnD 

86.  H9 

500 

wnB 

5694.41 

3 

B 

93.78 

wnB 

93.89 

6 

nB 

9;S.(i2 

501 

1 

D 

96.82 

1 

nD 

97.24 

502 

0  1 

B? 

00.26 

503 

2 

nnB 

5706.71 

3-4 

B 

a).41 

5 

nB 

05.42 

3 

B 

05.25 

504 

1-2 

nD 

5708.92 

2 

D 

08.26 

4 

nD 

08.49 

2 

nD 

08.44 

505 

2 

B 

10.45 

2 

nB?? 

10.81 

1 

B 

11.05 

506 

1 

D 

12.94 

2 

nD 

12.94 

2 

nD 

12.88 

507 

1 

B 

15.00 

508 

nnB 

5717.37 

4 

B 

17.05 

4 

wn  B 

17.19 

509 

4 

B 

17.87 

510   j 

B 

(14.5 
I2O.2 

511 

i 

nD 

21.40 

1 

nD 

21.95 

2 

nD 

21.23 

512 

2 

nB 

5724.44 

4 

B 

24.12 

4 

nB 

24.27 

3 

nB 

24.07 

513 

nnD 

5731.70 

2 

nD 

31.20 

3 

nD 

31.56 

2 

nD 

31.76 
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TABLE  OF  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VELOCITY— Con«nMed 


-8  Schjellcrup                  \ 

132  Schjcllc 

•up 

11.5  Schjellerup                \ 

1.52  Schjdlc 

up 

Inten- 

Wave-      I 

n  ten- 

Wave-,     I 

nten- 

Wave-       In 

ten- 

WavR- 

sity 

Length 

sity 

Length 

sity 

Length        s 

ty 

Length 

1 

nD 

t.m. 

74.45 

1 

nn  D? 

t.m. 

73.4 

t.m. 

t.m. 

t.m. 
5.573.7 

1 

nD?? 

76.50 

8 

wD 

76.16 

5.576.3 

mas 

D 
D 

84.02 
(  73.6 

9 

D 

83.86 

9 

D 
D 

83.83         1 
\-81.9 

0 

wD 

83.69 

5.584.0 
5581.9 

)85.9 

?85.9 

5.585.9 

head 

86.03 

head 

86.21 

.5586.0 

3 

B 

87.23 

3 

B 

86.97 

6 

B 

87.66 

1 

B? 

87.. 57 

5587.2 

1 

nD 

89.27 

1 

nD 

88.90 

'.'.'.'.'.         ] 

1 

0 

D 
B? 

88.95 
91.44 

.5589.2 
.5591.4 

2-3 

nB 

92.10 

1 

nB 
B? 

91.82 

8 

B 
B 

92.. 35 
(86.2 
^93.5 

2 

B 

92.58 

5.592.4 
1 .558 

2 

nb 

94.98 

1 

nD 

94.41 

nD 

95.10 

.5.594.7 

4 

B 

97.61 

2 

nB 

96.89 

4 

nB 

97.67 

5.597 . 5 

1-2 

nn  D 

00.38 

1-*^ 

nnD 

00.17 

1 

nD 

00.03        . 

5599.9 

na  D 

09.52 

1-"^ 

nnD 

09.05 

wn  D 

09.83 

5609.5 

D 

1,07.6 
■(  12.1 

D 

\08.1 
(12.2 

D 

J06.9 
)  16.0 

5607.5 
5612.2 

1 

nD 

15.42 

1 

D 

16.09 

5615.7 

1-'? 

nB? 

17.11 

5617.3 

2 

nD 

20.18 

3 

nD 

20.00 

nn  D? 

20.17        . 

5620.3 

nnD 

25.38 

4 

nD 

24.61 

nn  D 

25.64 

5625.1 

D 

(18.6 

( 

D 

(  18.8 

5618.6 

I27.I 

D 

)26.6 

(  25.4 

5626.2 

B?? 

26.5 

• 

wB?? 

29!  66 

5627.7 
5629.0 
5630.5 

con. 
spec. 

(26.50 
131A0 

B 

(27.4 
(32.3 

.5626.9 
56,31.8 

io 

b 

34.23 

10 

D 

33.79 

10 

D 
D 

34.58 
( .32.3 
(37.6 

6 

w  b 

33.76 

.5634.1 
|5630 

head 

36.79 

head 

36.60 

head 

37.49        . 

head 

.36.11 

5636.9 

8 

nB 

38.64 

f>-3 

nB 

37.87 

6 

B 

38.06 

56.38.0 

6 

B 
B 

41.65 
(36.8 

2-3 

nB 

40.74 

B 

(.37!6' 

4 

B 

41.46 

5641.3 
5637.2 

(42.5 

(43.6 

5642.8 

2 

nD 

44.29 

1-2 

wn  D 
nB? 

43.89 
46.15 

nn  D 
nB 

45.20 
46.21 

1 

nD 

44.. 57 

.5644.3 
5646.4 

1 

nn  D 

50.24 

5650.2 
5653.0 

2 

nB? 

55.24 

1 

nB? 

55.42 

nax 

B 
B 

55.30 
(46.3 

5655.2 
5645.4 



(56.7 

5656.9 

1 

nn  b 

57.63 

1 

nD 

57.93 

nn  D 
B 

58.05         ( 
(59.2 
(70.4 

)  1 

D 

.57.32 

5658.0 
1  565 

3 

nD 

71.34 

1 

nnD 

70.99 

1-'? 

nD 

71.68 

1 

nn  D 

71.22 

5671.3 

2 

nB? 

73.93 

B?? 

2 

nB 

74.3 

5674.1 

5675.5 

2 

nD 

76.47 

1 

nD 

76.48 

1 

nD 

76.67       . 

5676.7 

2 

nB? 

79.45 

B?? 

2 

nB 

79.96 

2 

B 

79.49 

5679.5 

1-2 

nB? 

83.81 

2 

nB 

84.21 

5684.1 

2 

nD 

86.53 

1 

nD 

86.29 

4 

D 

86.59 

5686.6 

8 

wn  B 

93.79 

4 

B 

93.21 

8 

nB 

94.16 

5 

B 

93.17 

.5693.8 

1 

nn  D 

96.33 

1 

nn  D 

96.72 

1 
2 

nD? 
nB 

97.18 
99 

1 

D 
B?? 

95.80 

5696.7 
.5699.8 

5 

nB 

05.05 

3 

B 

04.53 

6 

nB 

05.14 

_2 

B 

04.97 

5705.3 

3-4 

nD 

08.03 

2 
1 

nD 
B?? 

08.23 
10.71 

1 

nD? 

08.09 

2 

D 
B?? 

07.89 

.5708.3 
5710.8 

1 

nb 

13.19 

1-2 

nD 

12.. 33 

1 

nD? 

13.12 

1 

nD 

1-2.49 

5712.8 
.5715.0 

8 

wnB 

17.23 

5 

nnB? 
B 

16.31 
(il^l' 

8 

nB 

17.17 

8 

B 

16.49 

5717.0 
5717.9 
5714.3 

(19.6 

5719.9 

2 

nD 

21.46 

1 

nD 

21.5 

4 

nD 

20.68 

5721.4 

6 

wn  B 

24.28 

3 

nB? 

24.00 

8 

nB 

24.86 

6 

B 

23.80 

5724.2 

8 

nD 

31.48 

3 

D 

30.72 

2 

nD 

31.97 

6 

wD 

31.60 

57.31.6 
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TABLE  OF  ISLEA^-  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  Y^hOCITY  —  Continued 

2S0  Schjellerup 

19  Pisetum 

31S  Birmingham 

71  Schjellerup 

No. 

Inten- 
sity 

Character 

WaTe-Length       ^ 

0  ten- 
sity 

Character 

Wave-       I 
Length 

a  ten- 
sity 

Character 

Wave-       Inten- 
Length        sity 

Character 

Wave- 
Length 

t.m. 

t.m. 

t.m. 

D 

t.m. 
1,26.6 

514    .) 

^33. 4 

515   1 

B 

(5734.2 
{5743.1 

B 

(33.8 
J41.7 

516 

nnD 

5744.32 

2 

nD 

44.35 

nn  D 

43.89 

1 

nnD? 

43.96 

517 

1 

nB?? 

47.09 

518 

1 

nD 

49.59 

nn  D 

49.73 

519   \ 

5-^    ' 

1 

nb 

5751.70 

521 

2-3 

wnB 

5758.05 

;! 

nB 

57.02 

uax 

B 

57.08 

522   j 

523 

wnD 

576:3.7 

2 

nD 

62.53 

nn  D 

62.53 

1 

nD 

63.66 

524 

2 

nB 

5768.79 

2 

nB? 

67.29 

525 

1 

nD 

5772.1 

2 

nD 

71.19 

nn  b 

7i.35 

wn  b 

7i.59 

526 

527 

i 

nB? 

5775. si 

528 

1 

nD?? 

77.82 

1 

n  b 

78.48 

i 

nnb? 

77.86 

529 

2 

nB 

5780.77 

1-2 

B 

79.86 

530   \ 



B 

(73.5 
|82.0 

531    ' 

2 

nb 

5785.57 

2 

wn  D 

84.41 

532  1 

533 

534   1 
535 

D 

(82.6 
J  91.3 

1 

D 

98.68 

1 

nn  D? 

99.1 

1 

nn  D 

98.50 

536 

1 

nD 

22.69 

2 

nD 

22.92 

537 

1 

n  D 

48.46 

WAVE-LENGTHS  OF  LINES  IN  THE  VIOLET  REGION  OF  19  PISCIUM 

As  already  stated,  the  violet  region  of  19  Piscium  was  photographed  with  a  oiic-prism  spectro- 
graph attached  to  the  two-foot  reflector  (Figs.  1  and  2,  Plate  XI).  With  the  light  flint  prism  and  the 
very  short  camera  of  this  spectrograph,  the  scale  of  the  resulting  spectrum  was  too  small  to  permit  of 
precise  determinations  of  wave-length.  The  results  of  the  measures  of  plates  R  34,  37,  and  38  by 
Mr.  Parkhurst  are  nevertheless  valuable,  as  they  permit  some  of  the  important  lines  to  be  identified, 
and  in  fact  furnish  the  only  knowledge  we  have  of  the  positions  of  lines  in  this  part  of  the  spectrum 
of  fourth-type  stars. 

Three  plates  were  measured,  the  numbers,  exposure  times,  and  range  of  spectrum  in  wliiih  the 
lines  were  good  enough  to  measure  being: 


Plato 

Exposure 

Lines  Measured 

R  .34 

!)•■  30" 
7    45 
24    40 

42.'35  to  4.327 

.37 

4079  to  4.380 

.38 

.3969  to  4.373 

The  wave-lengths  of  the  star  lines  on  the  long-exposure  plate  R  38  could  not  be  deduced  directly 
from  the  plate,  since  there  was  a  shift  of  the  comparison  lines  due  to  the  exjMJSure  being  extended 
over  four  nights.  Therefore  a  correction  was  made  to  the  wave-lengths  of  R  38,  deduced  by  com- 
parison with  seven  of  the  be.st  star  lines  common  to  R  37  and  R  38.  This  correction,  for  the  seven 
lines,  varied  from  2.8  to  6.4  t.m.,  so  that  the  mean  is  unct  rfain  by  as  much  as  2  t.m.     Tlic  uncertainty 
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TABLE  OP  MEAN  WAVE-LENGTHS  CORRECTED  FOR  RADIAL  VEhOCl'TY— Continued 


78  Schjellerup 

132  Schjellerup 

115  Schjellerup               \ 

152  Schjellerup 

Inten- 

Wave- 

Inten- 

Wave- 

Inten- 

Wave-        Inten-  |  nharaf^ter 

Wave- 

Wave-Length 

sity 

Length 

sity 

Lengtli 

sity 

Length 

sity 

t.m. 

t.m. 

t.m. 

D 

t.m. 

)3.3!9" 

t.m. 
^572 

B 

(33.0 

B 

(.33.5 

B 

(a3.9 

57.33.8 

41.4 

42.6 

)41.3 

5742.0 

3 

nb 

43.02 

i 

nn  D 

43.60 

1 

nD? 

43.73 

2 

2 

D 
B? 

43.26 
46.06 

5743.8 
5746.6 

2 

nn  b 
D 

49.85 
(  42.2 
I  50.8 

1-2 

nnD 

49.43 

1 

nD 

48.83 

3 

D 

48.98 

5749.4 
|574 
5751.7 

2 

n  B? 

56.23 

max 

B 
B 

57.. 55 
(  53.0 
i61.4 

2           n 

B 

56.41 

5757.1 

|575 

3 

nb 

62.23 

2 

nD? 

61.72 

i 

nD 

62.95 

5762.6 

1-2 

B? 

66.82 

3 

n  B 

67.63 

1-2 

B 

67.09 

5767.5 

3 

nD 

70.71 

"b? 
b?? 

1-2 

nnD 
n  B? 

71.39 
76!4i 

D 
B 

70.10 
73.33 

5771.1 
5773.3 
5776.1 
5778.1 

1-2 

B? 

79.65 

2 

nB 

80.87 

B 

80.11 

5780.3 

B 

C7i.9 

B 

(71.5 

5772.3 

180.5 

|80.9 

.5781.1 

3 

wn  D 

85.23 

D 

(SO^g' 
J86.7 

wn  D 

84.81 

5          w 

D 

84.11 

5784.8 
^578 

i 

nnb? 

89.93 

D?? 

D 

89.40 

5789.7 
J578 

2 

nD 

97.61 

1 

nD 

97.60 

1          n 

D 

97.32 

5798.1 

1 

nn  D 

23.44 

2 

nD 

22.11 

1 

D 

22.09 

5822.7 

1 

nD 

49.82 

5848.6 

of  the  adopted  wave-lengths  is  increased  by  the  poor  quality  of  the  comparison  lines  on  R  37,  which 
has  the  best  star  lines. 

The  star  line  HB  is  nebulous  on  plate  R  38,  and  apparently  5  t.m.  wide;  the  uncorrected  wave- 
length is  4103.5;  corrected  wave-length,  4100.4.  On  plate  R  37  the  line  seems  quite  narrow  and 
sharp,  the  wave-length  being  4100.5.  The  correction  to  reduce  to  the  wave-length  in  the  Sun, 
-|-1.5  t.m.,  is  within  the  errors  of  measurement. 

The  mean  wave-lengths  from  the  three  plates  are  given  in  the  following  table: 


LINES  IN  THE  VIOLET  REGION  OF  lil  PISCIVM 
Plates  R  34,  37,  and  38 


Intensity 

Character 

No.  Plates 

Wave-Length 

Solar  Lines 

Intensity 

Character 

No.  Plates 

Wave-Length 

Solar  Lines 

Spec. 

begins 

393 

K 

Limits 

(4224.4 
\  42a3.3 

wnD 

1 

3967.0 

H  3968.6  Ca 

nD 

1 

4254.4 

nnD? 

1 

4004.4 

nnD 

2 

4274.0 

nnD 

1 

4018.3 

1 

nD 

1 

4282.8 

i 

nD 

1 

4034.8 

nD 

3 

4289.0 

3 

nD 
nnD 

1 
2 

4058.2 
4078.7 

wD 

2 

(  4.303.5 
\  4312.6 

G  group 

4 

nD 

2 

4100.5 

m  4102.0 

nnD 

2 

4325.9 

nnD? 

2 

4132.3 

3 

D 

1 

4.340.4 

Hf  4340.6 

wn  D 

1 

4145.4 

2 

D 

1 

4.354.2 

nn  D?  • 

1 

4197.5 

2 

D 

1 

4.363.4 

10 

D 

2 

4227.6 

Ca  4226.9 

6 

D 

1 

4383.7 
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The  Spectra  of  Stars  of  Secchi's  Fourth  Type 


WAVE-LENGTHS  OF  LINES  IN  THE  RED  REGION  OF  l.VJ  SCHJELLEBCP 

Plate  G  211,  taken  on  an  Ervthro  plate  with  camera  No.  2  and  a  single  dense  ilint  prism,  gives 
the  approximate  positions  of  the  lines  in  the  red  and  orange  region  of  the  spectrum  of  152  Schjcllerup. 
The  following  measures  were  made  by  Mr.  Ellerman.  On  account  of  the  small  scale  of  the  spectrum 
in  this  region,  they  may  be  considerably  in  error,  but  they  suffice  for  the  identification  of  some  of  the 
strongest  lines.     This  photograph  is  reproduced  in  Plate  VI. 

LINES  IN  THE  RED  REGION  OF  152  SCBJELLEBVP 
Plate  G  211 


Intensity 

Character 

Wave-Length 

Remarks 

2 

B 

t.m. 
5592.4 

D 

5731.1 

End  of  zone 

2 

D 

5748.9 

1 

B? 

5757.4 

1 

B? 

5778.2 

1 

nD 

5808.4 

B? 

5845.3 

Very  n 

io 

D 

5894.3 

Sodium,  D,  and  Dj 

1 

nD 

5921.9 

1 

D 

5945.9 

1 

B 

6020.8 

1 

B 

6050.0 

1 

nD 

6059.1 

B 

6086.1 

Brightest  part  of  bright  band 

.3 

D 

6098.5 

7 

B 

6108.4 

2 

D 

6119.0 

8 

B 

6130.5 

Double? 

2 

B 

6154.9 

10 

B 

6176.0 

2 

D 

6190.3 

10 

B 

6200.9 

B 

S  6222.1 
/  6253.4 

Band  increasing  |  [^°'" 

10 

D 

6269.6 

Very  broad 

1 

B 

&310.8 

1 

B 

&330.2 

3 

D 

6a57.6 

D 

6425.3 

Center  of  broad,  hazy  band 

.3 

B 

6444.8 

6488.2 

Spectrum  drops  off  here,  dark  space 

6587.5 

to 

6631. 

end  of  faint  continuous  spectrum 

PRECISION    OF    THE    MEAN    WAVE-LENGTHS 

The  sources  of  error  in  this  investigation  are  numerous,  and  render  it  impossible  to  secure  a 
high  degree  of  precision  in  the  results.  In  the  spectrograph  the  wide  slit  necessarily  employed,  the 
instability  of  the  prism  supports,  and  the  variations  in  temperature  of  the  prisms  during  the  long 
exposures,  tended  to  produce  wide  and  diffuse  lines  on  the  ])hotographs,  and  to  introduce  irregular 
displacements  of  unknown  magnitude.  In  comparison  with  these  sources  of  error,  which  atfect  both 
stellar  and  comparison  spectra,  all  errors  due  to  the  measuring  machines  or  to  the  method  of  reduction 
are  comparatively  unimportant  and  may  be  neglected.  During  the  progress  of  this  research  the  old 
spectrograph  was  used  by  Messrs.  Frost  and  Adams  for  the  measurement  of  stellar  motions  in  the  line 
of  sight.  Most  of  this  work  was  confined  to  bright  stars  having  well-defined  lines  in  their  spectra. 
But,  in  spite  of  the  short  exposures  required  for  such  objects,  errors  arising  from  unknown  causes 
were  frequently  apparent  in  the  results.  For  example,  the  star  e  LconiH,  as  {ihotograplicd  on  seventeen 
occasions  between  February  11  and  April  25,  1900,  gave  velocities  ranging  from  — 10  to  -\-Vi  km. 
This  led  to  the  belief  that  e  Lconis  varied  in  its  radial  velocity,  but  it  was  afterward  sliown  that  the 
star  has  an  a[)parently  constant  radial  velocity  of  about  5  km.     <  >ii  many  other  occasions,  however, 
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the  spectrograph  gave  excellent  results,  agreeing  well  among  themselves  and  with  recent  determina- 
tions for  the  same  stars  made  with  the  Bruce  spectrograph.  On  account  of  the  uncertain  behavior  of 
the  instrument,  it  is  impossible  to  base  conclusions  regarding  the  precision  of  our  own  results  upon 
the  contemporaneous  observations  of  known  stars  by  Messrs.  Frost  and  Adams. 

A  source  of  error  which  undoulDtedly  affected  seriously  our  determinations  of  radial  velocity, 
giving  rise  to  the  widely  different  values  obtained  for  different  lines,  is  the  physical  condition  of 
fourth-type  stars.  As  will  be  shown  later,  the  spectra  of  these  stars  differ  widely  from  the  solar 
spectrum,  partly  through  marked  changes  in  the  relative  intensities  of  the  dark  lines,  and  partly 
through  the  presence  of  bright  lines.  Both  of  these  causes  greatly  complicate  the  determination  of 
radial  velocity,  and  thus  introduce  errors  which  appear  later  in  the  corrected  wave-lengths. 

An  idea  of  the  precision  of  the  measures  may  be  obtained  from  the  following  table,  which 
gives  the  average  deviation  of  the  wave-length  of  a  line  in  one  star  from  the  mean  for  six,  seven,  and 
eight  stars.     The  number  of  lines  used  is  given  in  parenthesis  after  each  deviation. 


PRECISION    OF    the    MEASURES 
AVERAGE   DEVIATIONS 


No.  of  Stars 

Blue  Region 

lyellow-Green  Region 

Both  Regions 

6 

t.m. 
0.15(29) 
0.17(22) 
0.22(19) 

t.m. 

0.28(28) 
0.22(24) 
0.23  (.30) 

t.m. 

0.22  (57) 

7 

8 

0.20(46) 
0.23(49) 

Means 

0.18(70) 

0.25(82) 

0.22  (152) 

The  probable  error  of  the  mean  averages  0.07  t.m. 

In  such  a  comparison  it  is  of  course  assumed  that  the  wave-length  of  a  line  does  not  vary  from 
star  to  star.  That  this  assiimption  is  in  some  degree  warranted  is  shown  by  the  residuals  at  the  foot 
of  the  following  table,  which  contains  the  wave-lengths  of  the  forty-nine  dark  lines  measured  in  all  of 
the  stars,  with  their  average  deviations  from  the  mean."'  These  results  also  give  a  final  check  on  the 
adopted  values  of  the  velocities  of  motion  in  the  line  of  sight,  as  the  mean  wave-lengths  should  agree 
if  the  velocities  were  correct.  The  actual  residuals,  ranging  from  — 4  to  +4  km.  (mean  ±  2.3  km.), 
show  that  the  adopted  values  are  not  greatly  in  error.  The  stars  in  the  table  are  arranged  in  the 
assumed  order  of  development  (Plate  IX). 

LINES    MEASURED    IN    ALL    OF    THE    STARS 


280  ScliJ. 

19  Pise. 

318  Birm. 

74  SchJ. 

78  Schj. 

132  ScliJ. 

115  Schj. 

152  Schj. 

Means 

a.d. 

44.3:5.22 

35.52 

a5.49 

35.72 

35.92 

a5.60 

35.47 

35.97 

35.61 

0.19 

4501.22 

01.78 

01.87 

01.97 

01.87 

01.92 

00.91 

02.15 

01.71 

0.29 

4506.38 

06  77 

07.08 

07.04 

07.09 

07.12 

06.74 

07.24 

06.93 

0.22 

4512.83 

12.76 

12.64 

12.30 

13.08 

12.83 

13.05 

12.81 

12.79 

0.16 

4518.15 

18.27 

18.31 

18.. 38 

18.. 53 

18.35 

18.21 

18.23 

18.31 

0.09 

4522.91 

23.00 

23.06 

23.20 

23.23 

23.17 

23.08 

23.21 

23.11 

0.10 

4535.30 

35.84 

35.84 

35.90 

35.70 

36.04 

35.56 

36.21 

.35.67 

0.24 

4560.11 

60.39 

60.42 

60.48 

60.47 

60.23 

60.35 

60.21 

60.34 

0.11 

4606.26 

06.87 

06.86 

06.88 

07.20 

06.83 

06.24 

06.38 

06.69 

0.27 

2^  Out  of  537  catalogued  lines  and  spaces,  only  49  were  common  to 
all  the  8  stars.    The  reasons  for  this  are  as  follows: 

1.  The  appearance  of  any  given  line  varied  greatly  with  exposure 
time  and  temperature  changes,  so  that  it  might  be  unmistakable 
in  character  on  one  plate  and  so  indefinite  as  to  be  left  unmeasured 
on  another,  as  the  choice  of  lines  to  be  measured  was  made  independ- 
ently on  each  plate. 

2.  Lines  marked  doubtful  on  both  plates  of  a  star  were  not 
catalogued  unless  unmistakable  in  character  in  other  stars. 


3.  Plates  of  the  faint  stars  280  Schj.,  74  Schj..  and  115  Schj.  con- 
tained comparatively  few  lines,  and  at  the  same  time  the  proportion 
of  doubtful  lines  on  these  plates  was  greater  than  the  average. 

By  this  process  of  exclusion  the  number  of  lines  common  to  all 
the  stars  was  greatly  reduced,  though  the  number  measured  in  5  or  6 
stars  was  much  greater. 
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The  Spectra  of  Stars  op  Seochi's  Fourth  Type 


LINES  MEASURED  IN'  ALL  OF  THE  ST.\RS  —  Con/ id ue<i 


2S0SCM. 

19  Pise. 

318  Birm. 

-1  Scjy. 

ISSchJ. 

ISlSchJ. 

115  Schj. 

152  Schj. 

Means 

a.d. 

4617.74 

17.80 

18.03 

17.99 

18.09 

18.23 

17.74 

18.15 

17.97 

0.15 

4619.29 

19.68 

19.86 

19.70 

19.85 

19.56 

19.42 

19.40 

19.60 

0.19 

4638.03 

38.75 

39.19 

39.03 

39.15 

39.07 

38.78 

38.96 

38.87 

0.26 

4766.78 

66.11 

66.47 

66.33 

66.55 

66.47 

66.98 

66.54 

66.50 

0.18 

4822.75 

23.91 

23.86 

23.51 

24.02 

23.96 

23.27 

23.86 

23.64 

0.45 

4826.52 

27.81 

28.21 

28.23 

28.31 

28.19 

27.88 

27.90 

27.88 

0.46 

4832.49 

32.51 

32.56 

32.57 

32.61 

32.30 

32.48 

.32.46 

32.48 

0.07 

4882.07 

81.69 

81.55 

81.75 

81.71 

81.53 

81.09 

81.52 

81.61 

0.19 

4900.70 

00.81 

00.95 

01.37 

01.34 

00.67 

01.87 

01.18 

01.11 

o..3;i 

4920.65 

21.03 

20.78 

20.97 

21.00 

20.52 

21.23 

20.54 

20.84 

0.22 

5226.19 

26.19 

26.33 

26.17 

26.35 

27.28 

26.78 

26.98 

26.49 

0.,31 

5234.33 

34.27 

34.22 

a3.95 

33.97 

33.91 

a3.99 

33.44 

34.01 

0.20 

5247.48 

47.56 

47.34 

47.32 

47.43 

47.41 

47.19 

47.21 

47.. 37 

0.10 

5251.30 

51.44 

51.28 

51.66 

51.47 

51.46 

51.  a3 

51.. 31 

.51.47 

0.15 

5270.62 

70.46 

70.02 

70.17 

70.55 

70.41 

70.75 

70.05 

70.. 38 

0.22 

5298.16 

98.19 

97.77 

97.70 

97.63 

98.11 

98.. 37 

97.40 

98.00 

0.20 

5315.31 

15.27 

15.12 

15.30 

15.09 

15.28 

15.30 

15.40 

15.26 

0.09 

5.337.05 

36.94 

36.83 

36.65 

36.86 

36.82 

36.97 

.37. :» 

36.93 

0.14 

5341.84 

41.30 

41.26 

41.35 

41.59 

41.63 

41.78 

41.61 

41.54 

0.19 

5372.07 

71.70 

71.50 

71.52 

71.68 

71.89 

71.04 

72.10 

71.76 

0.19 

5377.48 

77.58 

77.36 

77.38 

77.38 

77.44 

77.29 

77.07 

77.. 37 

0.10 

5380.54 

79.82 

79.72 

79.91 

80.47 

80.46 

80.68 

79.91 

80.19 

O.SJ 

5397.47 

97.58 

96.81 

97.28 

96.91 

97.97 

96.75 

97.88 

97., 33 

0.39 

5420.44 

20.17 

20.22 

19.66 

20.53 

20.43 

20.49 

20.13 

20.26 

0.21 

54.30.. 33 

30.39 

30.13 

29.87 

30.27 

30. .33 

30.17 

30.24 

.30.22 

0.11 

5448.. 31 

48.09 

47.72 

47.94 

47.62 

47.73 

47.. 54 

47.06 

47.75 

0.28 

54.36.. ^>4 

56.96 

56.43 

56.54 

56.81 

56.92 

56.46 

57.13 

56.72 

0.23 

5461 . 13 

60.99 

60.84 

60.49 

60.96 

60.99 

60.80 

61.18 

60.92 

0.16 

5475.08 

74.56 

74.38 

74.33 

74.46 

74.20 

74.34 

74.. 35 

74.46 

0.19 

5557.27 

56.. 32 

56.28 

55.80 

56.38 

56.30 

56.. 36 

56.24 

5G..37 

0.23 

5567.60 

66.60 

66.86 

66.57 

67.23 

66.84 

67.42 

68.08 

67.15 

0.43 

5584.65 

a3.98 

83.70 

83.98 

84.02 

a3.86 

a3.83 

a3.69 

83.96 

0.19 

5587.54 

86.95 

86.96 

86.89 

87.23 

86.97 

87.66 

87.57 

87.22 

0.28 

5634. (» 

34.21 

34.11 

34.20 

34.23 

.33.79 

34.58 

33.76 

34.12 

0.24 

5645.22 

44.07 

43.74 

43.71 

44.29 

43.89 

45.20 

44.. 57 

44.  ;m 

0.48 

5671.71 

70.83 

71.44 

71.26 

71.34 

70.99 

71.68 

71.22 

71.. 31 

0.23 

5694.41 

93.78 

93.89 

93.62 

93.79 

93.21 

94.16 

93.17 

93.76 

0..31 

5706.71 

05.41 

05.42 

05.25 

03.05 

04.53 

05.14 

04.97 

05.31 

0.29 

5731.70 

31.20 

31.56 

31.76 

31.48 

30.72 

31.97 

31.60 

31.60 

0.14 

5744.32 

44.35 

43.89 

43.96 

43.02 

43.60 

43.73 

43.26 

43.77 

0.37 

Means 

5150.86 

50.78 

50.74 

50.72 

50.85 

50.77 

50.84 

50.79 

50.79 

0.23 

Residuals  t.m. . . 

+0.07 

-0.01 

-0.05 

-0.07 

+0.06 

-0.02 

-0.05 

.00 

"        km. . . 

-M 

-1 

-3 

-4 

+3 

-1 

-3 

0 

±02.3 

THE  C.\RBON  B.\NDS 
Since  the  time  of  Secchi  tlic  characteristic  dark  bands  of  fourth-typo  stars  liavc  Ihm'ii  attributed 
to  some  form  of  carbon.  For  the  reasons  mentioned  by  Dun6r/'  the  measures  of  Secchi,  though  they 
appear  to  be  suflBcient  to  identify  the  bands,  can  be  given  but  little  weight.  The  measures  of  Vogel 
and  Dun^r  have  therefore  formed  the  only  reliable  basis  of  comparison.  The  means  of  these  measures, 
compared  with  the  wave-lengths  of  the  heads  of  the  carbon  bands,  are  as  follows: 


Carbon  Bands 


AX, 
star — Laboratory 


t.m. 

4.37 

4729 

5162 

56.33 


t.m. 
4.381.93 
47.37.18 
5165. 30 
56.35.43 


t.m. 

-10.  ± 


-  3. 

-  2. 


Edge  of  violet  band 
Edge  of  blue  band 
Edge  of  green  band 
Edge  of  yellow  band 
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While  the  differences  are  in  some  cases  considerable,  these  measures  leave  no  doubt  that  the 
dark  bands  of  the  fourth-type  stars  correspond  with  the  bands  of  the  Swan  spectrum.  The  systematic 
shift  toward  the  violet  of  the  bands  in  the  star  is  presumably  due  to  a  physiological  effect  arising  from 
the  presence  of  the  bright  zones  on  their  less  refrangible  edges.  The  largest  errors  naturally 
correspond  to  the  faintest  bands. 

As  our  photographs  show  not  only  the  principal  heads,  but  also  the  secondary  heads  of  the 
flutings,  a  careful  comparison  with  the  carbon  flutings  in  the  electric  arc  seemed  desirable.  Photo- 
graphs of  the  various  bands,  compared  with  photographs  of  the  bands  of  the  carbon  arc,  are  reproduced 
in  Plate  VII.  From  these  it  will  be  seen  that  the  fluted  structure  of  the  bands  is  repeated  in  the 
stars  with  perfect  fidelity. 

The  following  table  contains  the  mean  wave-lengths  of  the  heads  of  the  various  flutings,  as 
derived  from  all  of  our  measures ;  the  number  of  stars  in  which  each  fluting  was  measured;  the  maximum 
and  average  deviation  from  the  mean  wave-length  in  all  of  the  stars  measured;  the  assumed  origin  of  the 
flutings ;  the  wave-lengths  of  the  flutings  as  measured  by  various  investigators  in  the  laboratory ;  and 
the  differences  between  the  star  and  laboratory  determinations.  In  these  last  comparisons  the  wave-length 
determinations  of  Crew  and  Basquin  are  used  for  the  cyanogen  flutings,  and  those  of  Kayser  and 
Runge  for  the  flutings  of  the  Swan  spectrum. 


Heads  of  the  Carbon  Fldtings 


Wave-Length  in  Laboratory 


Star  —  Laboratory 


Mean  Wave- 

Length  in 
Stars 

No.  of 
Stars 

Mean 

Slit-Width 

Maximum 

Average 

t.m. 

t.m. 

4380.6 

450.3.2 

5 

0.5 

0.2 

4515.0 

2 

0.4 

0.4 

4532.6 

4 

0.4 

0.4 

4.5.55.3 

5 

0  4 

0.3 

4578.4 

6 

0  6 

0.5 

4608.8 

6 

0.6 

0.3 

4697.2 

1 

4716.5 

4 

a.3f' 

6.2 

47.38.6 

7 

0.6 

0.2 

[5169.  IP" 

3 

(1.8)» 

0.4 

5505.4 

3 

0.9 

0.7 

5543.5 

4 

0.4 

0.2 

5587.7 

3 

0.2 

0.1 

5638.8 

8 

0.8 

0.4 

Origin 


Hassel- 
berg 


Kayser 

and 
Runge 


Crew  and 
Basquin 


Kayser 

and 
Runge 


Crew  and 
Basquin 


Swan  Spec. 

ON 

CN 

CN 

CN 

CN 

CN 
Swan  Spec. 


4697.66 
4715.731 
4737.25 


47.36.3 
.5105.6 
5.504.6 
5543.3 
.5581.5 
5635.0 


4696.2 
4713.7 
47.35.7 
5165.4 
5.501.6 
5538.5 
5586.2 
5637.5 


4697.57 
4715.. 31 
47,37.18 
5165.30 

5546! 86 
5585.50 
5635.43 


t.m. 

4562.35 
4.514.95 
4.5.32.06 
4553.31 
4578.19 
4606.  &3 


-0.4 

+1.2 
+1.4 


+2.6 
-f2.2 
-f3.4 


+0.9 
0.0 
+0.5 
+2.0 
+0.2 
+2.5 


Mean,  0.3 


Mean  Shift,  +1.4  t.m. 


As  the  average  deviation  from  the  mean  for  a  single  star  is  only  0.3  t.m.,  while  the  mean  shift  of 
the  heads  of  the  flutings  is  1.4  t.m.  toward  the  red,  there  would  appear  to  be  some  actual 
shift  of  the  flutings  in  the  star.  The  mean  of  Vogel's  and  Dun6r's  wave-lengths,  as  given  above, 
indicates  a  somewhat  larger  shift  toward  the  violet.  It  should  be  remembered,  however,  that  these 
observations  were  made  visually  with  very  limited  instrumental  means,  which  did  not  permit  a  high 
degree  of  precision  to  be  attained.  Dim^r's  measures  of  the  heads  of  the  carbon  flutings,  for 
example,  show  the  following  range,  which  is  surprisingly  small,  in  view  of  the  circumstances  under 
which  they  were  made: 


132  Schjellerup 

132  Schjellerup 

152  Schjellerup 

152  Schjellerup 


4715 
47.30 
4721 
4740 


^''End  of  plate;  too  faint  for  precise  measurement. 
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Our  measures  of  these  heads  for  the  same  stars  are: 


132  Schjellenip  . 

132  Schjellerup  . 

152  Schjellerup  . 

152  Schjellerup  . 


5638.7 
5a38.2 
5638.1 
5a37.8 


5169.5 
5169.0 
5169.1 
5168.6 


4738.7 
4738.5 
4739.2 


It  is  therefore  evident,  as  might  be  expected  from  the  use  of  photograjDhic  methods  with  a  much 
more  powerful  telescope,  that  the  precision  of  our  determinatious  of  the  positions  of  the  Hutings  is 
considerably  higher  than  that  of  Dun^r's  measures.  But  it  is  nevertheless  unsafe  to  conchide  that  the 
apparent  shift  of  the  flutings  in  the  stars  is  actually  due  to  some  peculiarity  of  their  carbon  radiation ; 
for,  even  with  all  the  advantages  of  such  determinations,  the  differences  between  the  wave-lengths 
measured  in  the  laboratory  by  excellent  observers  are  quite  as  great  as  the  differences  between  our  wave- 
lengths for  the  stars  and  the  laboratory  determinations  of  Kayser  and  Runge.  The  measurement  of  the 
edge  of  a  more  or  less  diffuse  band  is  always  liable  to  error.  But  in  the  fourth-type  stars  the  difficulty 
of  measurement  is  greatly  increased  by  the  presence  of  closely  adjoining,  or  even  overlapping,  bright 
and  dark  Hnes.  Thus  the  lines  of  the  b  group  have  prevented  us  from  obtaining  a  satisfactory 
measure  of  the  head  at  X  5105.  Under  these  circumstances  we  are  not  inclined  to  adopt  the  conclu- 
sion that  the  carbon  flutings  in  the  fourth-type  stars  are  actually  displaced  from  their  normal  positions. 

The  long  discussion  on  the  origin  of  the  Swan  spectrum,  which  has  played  so  conspicuous  a  part 
in  the  literature  of  spectroscopy,  cannot  be  said  to  have  terminated.  This  is  hardly  an  appropriate 
place  to  present  the  numerous  arguments  advanced  by  the  supportt>rs  of  the  various  views  which  are 
still  entertained.  The  assignment  of  these  bands  to  carbon  monoxide  by  Smithells,''  with  its  subse- 
quent confirmation  by  Baly  and  Syers,'°  seemed  for  a  time  to  set  the  matter  at  rest.  But  the  recent 
work  of  Konen^  has  revived  the  discussion.  Konen  investigated  the  spectrum  of  the  electric 
discharge  in  various  liquids  containing  carbon,  and  obtained  the  Swan  spectrum  in  many  cases  when 
every  precaution  had  been  taken  to  exclude  oxygen.  He  is  therefore  inclined  to  the  belief  that  the 
Swan  spectrum  is  due  to  carbon  alone,  though  he  admits  that  if  tlie  discharge  is  very  easily  affected 
by  minute  quantities  of  oxygen,  the  Swan  spectrum  may  be  due  to  CO.  Although  Smithells 
apparently  made  out  a  fairly  good  case  in  assigning  the  bands  of  the  Swan  spectrum  to  carbon 
monoxide,  we  believe  that  the  importance  of  the  difficulties  raised  by  Konen  should  not  be  underesti- 
mated. As  he  points  out,  the  presence  of  considerable  quantities  of  salts  in  the  solution  in  which 
the  discharge  takes  place  may  not  suffice  to  bring  out  metallic  lines,  and  the  cyanogen  bands  do  not 
appear  in  weak  solutions  of  ammonia.  It  may  be,  however,  that  a  very  small  amount  of  oxygen 
would  act  energetically,  and  suffice  to  give  rise  to  the  Swan  spectrum.  But  the  last  word  on  this 
subject  has  not  been  said,  and  it  is  to  be  ho[)ed  that  further  investigations  will  be  made  on  the  si)ectra 
of  the  electric  discharge  in  liquids." 

There  seems  to  be  little  difference  of  view  regarding  tlio  origin  of  tlu;  cyanogen  bands,  which  we 
have  identified  in  the  blue  part  of  the  spectrum.  These  bands  also  a[)[)ear  in  the  spectra  of  stars  of 
Secchi's  third  type,  as  may  be  seen  from  an  examination  of  the  spectra  rei)ro(luc(!(l  in  Plate  VII. 

Some  discussion  on  the  probable  condition  of  carbon  in  stars  of  tlic  lliird  ami  fourth  types,  as 
well  as  in  the  Sun,  may  be  found  on  p.  128. 

IDENTIFICATION  OF  THE  DARK  LINES 
The  following  table,  supplemented  by  remarks  on  the  several  elements  identified,  summarizes  the 
results  of  our  study  of  the  origin  of  the  dark  lines.     The  numbers  in  the  column  headed  "Widened  in 
Sun-Spots"  are  those  given  by  Maunder  in  the  Greenwich  Spectroscopic  (tnd  Photographic  Hesults 

"  "On  the  Spectra  of  Carbon  Comiiounds,"  PhiJ.  ifof/.,  6th  Ser.,  33"Ein     Beitrae    zur    Konntnis    spoctroskopischor    Mothodcn," 

Vol.  I  (1901),  p.  476.  Annalen  dcr  I'liyxik.  Vol.  IX  (I'.KK),  p.  742. 

32'*On  tho  Spectmm  of  CyanoxeD,"  Phil.  Mtiij..  t*>th  Sit..  Vf»l.  IF  3*Thf!  invo^tiKations  hy  oiio  of  us  on  .spark  srwirtrn  in  liquids  wore 

(1901),  p.  386.  undortakon  with  a  difloront  object  in  view. 
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for  1880.  The  amount  of  widening  is  in  tenths  of  the  normal  width ;  the  next  cokimn  gives  the 
number  of  spots  in  which  the  line  was  widened,  out  of  eighteen  observed.  In  the  red  region  the 
amount  of  widening  is  taken  from  Cortie's  papers  in  MontJihj  Notices,  Vol.  XLIX,  p.  410,  and  Vol. 
LXII,  p.  516. 

We  are  fortunately  able  to  include  in  the  table  the  wave-lengths  of  lines  iu  the  spectrum  of 
a  Orionis,  as  measured  by  the  late  Professor  Keeler  on  photographs  taken  with  a  three-prism  spectro- 
graph at  the  Allegheny  Observatory.  These  were  sent  to  us  by  Professor  Keeler  in  manuscript  for 
the  purposes  of  this  comparison.  At  the  Conference  of  Astronomers  held  at  the  Yerkes  Observatory 
in  1897  he  described  his  photographs  of  third-type  spectra  as  follows: 

The  series  of  shdes  included  the  spectra  of  a  Bootis,  a  Aurigae,  a  Tauri,  a  Orionis,  a  Scorpii,  ^  Pegasi, 
and  a  Herculis,  in  which  may  be  observed  a  transition  from  the  second  to  the  third  type.  In  stars  like  o  Orionis 
the  lines  are  essentially  those  of  the  solar  spectrum,  but  the  relative  intensities  are  not  the  same,  and  the  general 
aspect  of  the  spectnnn  is  different  from  that  of  the  spectrum  of  the  Sun.  The  dark  bands  characteristic  of  third- 
type  stars  are  well  shown,  though  they  are  not  resolved  into  lines.  The  separate  lines  are  doubtless  far  beyond 
the  resolving  power  of  the  instrument.  These  bands  are  not  always  terminatetl  by  strong  metallic  lines,  and  the 
appearance  noted  by  early  observers  was  probably  due  to  insufficient  optical  power.  The  strong  lines  are  mostly 
those  of  iron  — apparently  the  low-temperatme  Hues.  Their  relatively  greater  strength  in  the  star  spectrum 
gives  to  some  well-known  solar  groups  (notably  the  b  group)  quite  an  unfamiliar  aspect. 

In  a  Herculis  only  a  comparatively  few  of  the  strong  metallic  lines  remain,  while  the  bands  are  deep,  and 
beautifully  distinct.  It  is  impossible  to  avoid  the  conclusion  that  the  edges  of  the  zones  bordering  on  the  dark 
bands  are  bright  —  much  brighter,  that  is,  than  the  average  continuous  spectrum — and  that  they  are  due  to  a 
real  predominance  of  emission  at  the  regions  of  the  spectrum  in  which  they  occm-.  They  are  not  merely  the 
effect  of  absorption  in  adjoining  regions.  In  the  case  of  stars  like  a  Orionis,  of  a  less  pm-e  type,  such  a  conclu- 
sion could  not  be  safely  dj-awu;  yet  the  superior  brightness  of  the  spectrum  at  these  places  is  obvious,  and  it  can 
be  traced  even  in  second-type  stars.  May  there  not  after  all  be  bright  regions  in  the  solar  spectrum,  such  as 
Draper  supposed  he  had  found  in  the  jalaces  of  the  bright  oxygen  lines?  And  what  is  the  relation  between  the 
dark  bands  iu  third-type  stars  and  the  bright  zones  which  border  on  them? 

It  is  an  interesting  fact  that  some  of  the  bright  lines,  and  also  some  of  the  dark  lines  in  fourth- 
type  spectra,  similarly  lie  in  close  proximity  to  dark  and  bright  zones. 
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COMPARISON  WITH  SUX-SPOTS  AND  WITH  THIRD-TYPE  STARS- Con(/.mt<l 
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COMPABISON  with  sun-spots  and  with  third-type  stars- Con(mued 
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COilP.iRISOX  WITH  SUN-SPOTS  AND  WITH  THIKDTVPK  ST.\RS  — C«.i(iii«t(l 
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3Ig,fb,) 

5 

15 

5183.8 

Same  as  Sun 

5189.2 

1-2 

Ca,  Ti 

5-6 

7 

5191.6 

)  Same  as  Sun  or  a  little 

5193.3 

3-1 

Fe,  Ti,  V 

4  5 

7 

5192.5 
5195 

\     stronger 

5202.4 

1 

Fe 

6 

6 

5204.8 

1  Equal  linos  stronger  than  Sun 
rWeak  in  Sun 

5205.8 

to 
5210.1 

111 
\ 

'  V,  Fe,  Ti 

6 

12 

\  Very  strong  line 
■(  See  notes  3,  4,  and  7 

5206.2 
5208.6 
5210.6 

5216.7 

- 

Fe 

4 

5219.6 
5224 

Not  in  Sun 

) 

5226.5 

7 

Cr,  Fe,  Ti 

5-« 

8 

See  notes  3  and  4 

to 
5227.2 

[•  Group,  stronger  than  Sun 

52»1.0 

3 

V 

4-5 

3 

.'/i.'!;!  H 

2 

2 

2 

r.-m.i 

■i  4 

Cr,  Fe,  Ti 

4 

2 

5247.7 

Strong,  weak  in  Sun 

5251.5 

.-^4 

Fe,  Ti 

3 

2 

See  note  4 

52.")().« 

'] 

5255.6 

1-2 

Cr,  Fe 

5 

5 

.-.iV,.] 
.-.204 , 1 

;  Stronger  than  Sun 

i 

52K.9 

1 

Ca,Cr 

2-3 

7 

5276!4 

4-5 

Ca,Fe 

5-6 

12 

E.  See  notes  2  and  i 

5269.7 
,      5270.4 

{  StrongiT  tliaii  Sun 
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COMPAEISON   WITH    SUN-SPOTS    AND    WITH    THIKD-TTPE   STARS Continued 


Fourth-Type  Stabs 

Prob.ible 
Oeigin 

Widened  in 
Sun-Spots 

Type  III 
a  Orjonis  — Keeler 

3.1 

0 

Remarks 

Wave- 
Length 

Inteu- 
sity 

Ms 

Wave-Leu  gth 

Intensity  and  Character 

t.m. 

t.m. 

5283.6 

1-2 

Fe 

4 

5 

5297.0 

Stronger  than  Sun 

5298.2 

3  4 

Cr,  Ti 

5 

5 

Strong  C?- group;  see  note  3 

5298.0 

Same  as  Sun 

5302.5 

1-2 

Fe 

5 

5 

5307.5 

1 

Fe 

8 

4 

5315.2 

2-3 

Fe 

5320.8 

2-3 

Fe 

5325.3 

1 

Co 

.5.328.5 

Somewhat  stronger  than  Sun 

5329.0 

3-4 

Cr,  Fe 

6 

3 

Strong  Cr  group,  note  3 

5336.9 

2 

Ti 

5 

6 

5341.5 

3 

Fe,  Mn 

3-4 

6 

5341.2 
5346.0 
5348.5 

Stronger  than  Sun 
Stronger  than  Sun 
A  little  stronger  than  Sun 

5356! 6 

3 

Ca,  Fe 

5 

6 

5349 

5362.7 

1 

Fe,  Co 

2-3 

3 

5366.6 

2 

5370 

Same  as  Sun 

5.m!7 

7-8 

Fe,  Cr 

6 

8 

See  note  4 

5371.6 
5376.0 

Stronger  than  Sun 
Not  in  Sun 

5.377  !i 

2-3 

Fe,  Mn 

8 

1 

5.384.7 

1 

5391.1 

1 

4 

3 

5397.3 

4 

Fe,  Ti 

6 

6 

5.397.2 
5404 

Stronger  than  Sun 
Weaker  than  Sun 

5406 !  4 

1 

Fe 

8 

6 

5406 

Stronger  than  Sun 

5408.3 

2-3 

5410.4 

2-3 

Cr 

5-6 

5 

5410.0 
5411.1 

Stronger  than  Sun 
Same  as  Sun 

54i4'.2 

1-2 

5420.2 

3 

1 

2 

.5424.2 

Same  as  Sun 

5425' i 

1 

m 

5426.5 

Not  in  Sun 

5430.2 

3 

Fe 

6 

6 

5429.9 
54.33.0 

Stronger  than  Sun 
Stronger  than  Sun 

5434.3 

1-2 

Fe,  V 

4 

5 

54.34.7 
5436 

Stronger  than  Sun 
Same  as  Sun 

5438' 6 

1-2 

Fe,  Ti 

.5445.2 

Same  as  Sun 

5447 '.8 

7 

Fe,  Ti 

6 

5 

See  note  i 

5447.0 
54.55 . 7 

stronger  than  Sun,  edge  of  band 
Stronger  than  Sun 

5456 '.8 

2-3 

5460.9 

1-2 

5461.0 
54&3.0 

Not  in  Sun 
Weaker  than  Sun 

5467.3 

1-2 

Fe 

1 

1 

5474.5 

1-2 

Fe 

2 

1 

5478.0 

1-2 

Ti 

3-4 

1 

5477 

Same  as  Sun 

5483.0 

1-2 

Fe 

3 

1 

5498.0 

4 

Fe 

5-6 

4 

5497.6 

Stronger  than  Sun 

5501.8 

2 

Fe 

5 

5 

5501.6 

Stronger  than  Sun 

5.507.1 

1 

Fe 

Carbon  head  .5505 

5507.0 

Stronger  than  Sun 

5512.4 

2-3 

Fe,  Ti 

5 

5 

5524.3 

1-2 

Fe 

5525.4 

1-2 

Fe 

6 

1 

5528.6 

1 

Mg 

5 

6 

33 

he 

5528.5? 

Same  as  Sun 

5533.9 

1 

c 

~ 

5539.5 

7 

Carbon  head  5543 

3 

5546.6 

1-2 

Fe 

« 

5548.3 

2 

V 

e 

5552.5 

1 

0 

[-Region  here  same  as  Sun 

5556.4 

1-2 

5562.6 

1 

Fe 

1 

1 

0 

5567.0 

2 

2 

1 

5570.2 

1 

Fe 
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COMPARISON    WITH    SVN-SPOTS    AND    WITH    THIRD-TYPE    STARS 

Continued 

Foubth-Ttpe  Stabs 

Pbobable 
Oeigix 

Widened  in 
Svn-Spots 

Rem.vbks 

Type  HI 
0  Orionii—  Keeler 

=1 

*B 

Wave- 
Length 

Inten- 
sity 

a  3 

I2 

Wave-Leneth 

Intensity  and  Character 

4^ 

t.m. 

1 

t.m. 

~| 

5573.7 

5576.2 

Fe 

»5a3.9 

8 

Carbon  head  5587 

■  Region  here  same  as  Sun 

5589.2 

1 

Ca 

4 

4 

5591.7 

1-2 

Ca 

4 

5 

3 

1 

5598.5 

Stronger  tlian  Sun 

5e69;4 

2 

1 

5615.7 

1 

Fe 

4 

4 

5615.7 

Same  as  Sun 

5ti20  3 

2  3 

2 

1 

0 

5<a-).l 

4 
10 

r,Fe 
Fe 

2 
1 

3 

1 

See  Note  8 

5624.7 

Stronger  than  Sun 

5t>U.O 

rrAi.2 

1-2 

1 

Ti 
Fe 

Carbon  head  5038 

5i>'AM 

5t;58.2 

1-2 

V 

3 

3 

a 
0 

5658.5 
5603.0 
5669 

Stronger  than  Sun 
Stronger  than  Sun 

^1 

5671 ; 3 

1-2 

V 

g'i 

5<J75 . 5 

2 

Ti 

2 

1 

2  g- 

'}  Strong,  dilTusc  band  not 

in 

5676.7 

1-2 

(EC 

5682 

Sun 

1 

5696! 7 

1 

-Si 

5708.3 

2-3 

Fe,  Ti 

1-2 

3 

S.2 

5709.6 

Stronger  tlian  Run 

5712.8 

1-2 

1 

2 

bp*" 

5712 

Stronger  than  Sun 

5721.3 

2 

m 

5727.2 

Stronger  than  Sun 

5731 ^6 

3-4 

Fe,V 

3 

2 

5732.0 

Stronger  than  Sun 

5743.7 

2 

V 

5749.4 

2 

5751.7 

1 

1 

2 

5762.5 

2 

Fe,  Ti 

5771.0 

2 

Fe 

5778.0 

1 

5784.8 

3 

Fe 

5789  6 

1 

5798.1 

1 

Fe 

1 

1 

5822.9 

2 

5848.5 

1 

Fe 

5aT6 
5860 
5865 
5869 
5875 
5882 

^Region  quite  different  fr 

I      Sun 

jm 

5884.3 

10 

Na{D) 

3 

Widened  lines  obs.  by  ( 

,"ortie 

5890.2 
5896.4 
5914 

\  Stronger  than  Sun 
Sun? 

.592i!o 

1 

5 

-m:,  '.> 

1 

5 

fva-) 

Sr 

10 

ectVcti 

1 

Sr 

10 

6008.5 

3 

5-6 

6119.0 
6190.3 

2 
2 

6-7 
4  5 

Broad  B  lino 
Broad  B  line 

6269.6 

10 

CaO,  V 

10 

Very  strong.    Sec?  note 

1 

6357.6 

3 

2-3 

ftl25.3 

w 

6-7 

6488 

to 

6588 



1.  Calcium  is  well  reprosentfrd  in  those  stars,  the  only  contradictory  fvirloncn  bt-inf^  the  po.ssiblo  alwence  of  the 
lines  X 5260  to  X  5265  nines  but  slirjhtly  broadened  in  Sun-spots),  wliich  are  probably  obscured  or  displaced  by 
emission  spectrum.    The  line  M220.9  is  nearly  as  strong  as  H  and  K,  siif,'gestin^'  a  lr)W  fcniperatuie.     The 
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strong  flame  lines  at  ^  6183  and  X  6202  fall  on  bright  lines,  but  tlie  very  strong  star  line  at  X  6270  may  include 
the  flame  line  at  X6265,  attributed  by  Eder  to  CaO. 

2.  The  group  at  X  5270  consists  of  two  strong  Fe  lines  and  one  strong  Ca  line.  In  the  arc,  with  iron  or 
carbon  poles,  the  two  iron  lines  are  of  equal  intensity,  but  they  are  so  different  in  the  spark  that  the  arc  intensity 
(relative  to  the  spark  Ime  as  imity)  is  0.9  for  the  line  X 5269. 7  and  6  for  X 5270. 5.  When  titanium  carbide  (85 
per  cent.  Ti)  was  placed  on  the  lower  carbon  of  the  arc  lamp,  with  four  times  the  original  exposure  the  line 
X 5269. 7  kept  its  intensity,  while  X  5270.5  dropped  to  one-third.  The  wave-length  of  the  center  of  the  strong 
star  line  corresponds  with  the  Fe  line,  which  is  strengthened  in  the  arc,  but  weakened  in  the  presence  of  Ti. 
This  is  also  the  wave-length  of  the  Ca  line. 

3.  Chromium.  —  The  chromium  lines  in  the  region  X4400  to  X4900  are  relatively  weak  in  the  arc  and  not 
represented  by  strong  star  lines.  On  the  other  hand,  in  the  region  X  5100  to  X  5700  the  most  prominent  chromium 
lines  are  relatively  very  strong  in  the  arc,  are  usually  widened  in  Sim-spots,  and  are  represented  by  strong  star 
lines.  For  example,  the  group  X5201:  to  X5208  coincides  very  nearly  with  one  of  the  most  intense  star  lines 
outside  the  carton  flutings.  The  chromium  line  at  X 5225.1  seems  to  form  with  the  iron  lines  at  X.5227,  the 
strong  star  line  X  .5224 . 4  to  5228 . 6.  The  groups  X  5296  to  X  5298  and  x  5328  to  X  5329  coincide  closely  with  strong 
star  lines.  The  principal  item  of  contradictory  evidence  is  the  lack  of  a  star  line  to  match  the  chromiiun  group 
X5275  to  X5276,  but  it  will  he  noticed  that  this  group  is  but  slightly  widened  in  Sim-spots. 

4.  Iron  is  doubtless  present  in  the  star,  but  represented  by  comparatively  weak  lines.  The  principal  cases 
in  the  blue  region  where  the  star  lines  are  strong  are  XX  4405,  4415,  4427,  4462.  In  the  yellow -green  region 
numerous  Fe  lines,  strong  in  the  arc  and  broadened  in  Sun-spots,  correspond  with  strong  star  lines;  for  example: 
associated  with  Ti  at  XX5251,  5370,  5447;  with  Cr  and  Ti  at  XX  .5208,  5227;  and  with  Ca  at  X  5270. 

5.  Hydrogen. — Of  the  hydrogen  lines  H^  is  present  as  a  strong  In'ight  line  in  some  plates  of  280 
Schjellerup  and  absent  in  others,  but  never  appears  as  a  dark  line.  Hy  is  present  and  HS  prominent  in  the  violet 
plates  of  19  Pisciiim  as  dark  lines. 

6.  Magnesium. — The  b  group  is  a  prominent  feature  of  the  spectmm.and  luimerous  other  lines  are  present. 

7.  Titanium.  —  The  group  X4512  to  X  45.36  gives  striking  evidence  of  the  presence  of  titanium  in  the  star. 
Of  the  eleven  lines,  ten  are  strong  in  the  arc  and  represented  in  the  star,  while  the  line  X  4534. 2  alone  is  weak  in  the 
arc  and  absent  in  the  star.  For  remarks  on  the  behavior  of  the  lines  of  this  group  in  other  stellar  types,  see  p.  134. 
In  the  yellow  region  the  titanium  lines  which  are  strong  in  the  arc  and  nuich  widened  in  Sun-spots  are 
represented  by  strong  star  lines;  for  example,  the  line  X  .5210.6,  which  according  to  Cortie^''  was  the  most  widened 
line  between  D  and  b  in  the  spot  of  May,  1901,  is  the  strongest  star  line,  and  no  line  which  is  missing  in  the 
star  has  an  intensity  greater  than  1  in  the  arc,  or  a  widening  greater  than  4  in  Sun-spots. 

8.  Vanadium. —  The  presence  of  vanadium  seems  well  attested.  The  triplet  at  X  5624-5628  is  especially 
remarkable,  as  it  is  very  strong  in  the  arc  and  coincides  closely  with  the  strong  star  line  whose  limits  in  the  best 
plates  are  X  5623-5628.  In  the  vanadium  arc  used  the  vanadium  lines  are  weak  in  the  region  X  5100  to  X  5.500,  and 
strong  in  the  region  X5500  to  X5900.  These  strong  lines  are  well  represented  in  the  star  or  obscured  by  the 
bright  lines  and  zones.     In  general  the  vanadium  lines  which  are  missing  in  the  star  are  weak  in  the  arc. 

No  vanadium  lines  are  identified  as  among  those  widened  in  Sun-spots  by  Maunder  in  the  Greenwich 
Results  for  1880.  Photographs  taken  at  the  Yerkes  Observatory  show  numerous  vanadium  lines  widened,  and  it 
is  now  well  known  that  vanadium  lines  are  very  characteristic  of  Sun-spots. 

LINES    WIDENED    IN    SUN-SPOTS 

The  agreement  of  the  fourth-type  with  Sun-spot  spectra  is  especially  noticeable  in  the  region 
X  5160-5500.  The  numerous  lines  in  the  region  X  5500-5700  which  are  widened  in  Sun-spots 
are  masked  in  the  stars  by  the  carbon  flutings,  so  that  but  few  coincidences  are  found.  Taking  the 
data  from  the  Greenirich  Results  for  1880,  the  forty-six  lines  which  are  most  strongly  and  frequently 
widened  in  the  spots  are  found  to  be  the  most  prominent  dark  lines  in  the  star.  They  are  identified 
as  follows: 

Fe  ~  -         -        22  lines  Mg  -         -         -         -       3  lines 

Ti  -         -         -      9  lines  Ca  -  -        -         -            2  lines 

V    -  -         -          5  lines  Mn  -         -         -         -        1    line 

Cr  -         -               4  lines 

^t>  Monthly  Notices,  Vol.  LXII,  p.  516. 
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TITANIUM 

A.  comparison  of  Hasselberg's  list  in  the  region  X  5186-5823  gives  the  following  results: 


Lines 

Fonnd  in  the  Stars 

Lines  Not  Found  in  the  Stars 

Widened  in  spots 

Mean  number  of  spote. .  . 

Mean  widening 

Mean  intensitj-  in  star. . . 

23 

i 

5 

3 

Not  widened 

i 

Widened 

Not  widened 

..  9 
...41 

It  is  unfortunate  that  a  similar  comparison  cannot  be  given  for  vanadium.  Maunder  does  not 
give  wave-length  determinations,  and  his  tables  of  vanadium  lines  were  apparently  inadecjiiate  for  tlie 
identification  of  the  fainter  lines,  which  are  freqiiently  greatly  widened  in  spots. 

The  following  table  contains  Young's  observations  of  lines  widened  in  Sun-spots,  compared  with 
the  fourth-type  lines: 

young's  lines  widened  in  sun-spots 


Wave-Leneth 

Amt. 

Wave-Lcngth  and  Character  in  Star 

Wave-Length 

Reduced  to 

Rowland's  Scale 

Amt. 

Wave-Length  and  Character  in  Star 

Rowland's  Scale 

(Dark  line  unless  otherwise  stated) 

Wid. 

(Dark  line  unless  otherwise  stated) 

5191.5 

2 

B?  lines 

5424.7 

3 

25.1 

5192.7 

2 

B?  lines 

5429.9 

3 

.30.2 

5198.9 

3 

B?  lines 

5434.1 

4 

.34.3 

5202.5 

2 

02.4 

5447.0 

4 

46  to  49 

5204.7 
5208.6 

4 
4 

'■04.6  to  11.5 

5455.8 
5487.9 

3 
3 

56.77,  shifted  l>v  H  at  53.8 
B86.5 

.5227.2 
52.30.0 

2 
2 

'■24.4  to  28.6 

5497.7 
5501.6 

2 
2 

98.0 
01.8 

5233.1 

2 

5532.7 

2 

'  Carbon  tlutini; 

5266.8 

2 

5572.8 

2 

5269.5 
5270.5 

3 
3 

(  09  to  71 

5584.8 
5586.6 

4 
3 

[83.9:  .strong,  limits  81.9  to  85.9 

5328.1/ 

5592.3 

2 

) 

5328.3$ 

5598.3 

2 

V  B  zone 

5.310.2 

2 

5602.9 

2 

) 

5341.2 

2 

41.5 

5615.7 

3 

15.7 

a353.5 

2 

5624.2 

2 

18.6  to  26.2 

5.370.1 
5.371.6 

|70.1  to  73.7 

5662.7 
5706.3 

4 
4 

'•  B  zone 

5.397.2 

97.3  w 

6065.7 

3 

59  w 

5404.2 

4 

|06.4 

6136.8 

3 

.54(^.9 

6191.7 

2 

90,  narrow,  between  two  B  lines 

5415.6 

■■ 

11.2 

6358.9 

Young's  list  contains  forty-six  widened  lines  between  \  5107  and  X  0357.  Of  these  twenty-tivo 
appear  in  the  star  (53  per  cent.),  while  twelve  are  obscured  by  bright  lines.  In  the  n>gion  best 
j)hotographed  and  most  favorable  for  identification,  X  5107  to  X  5531,  Young  has  thirty-three  wiik'ncd 
lines,  of  which  twenty  appear  in  the  star  (00  per  cent.)  and  three  are  obscured  by  bright  lines. 

IDENTIFICATION  OF  THE  BRIGHT  LINES 
We  have  met  with  little  success  in  attempting  to  identify  the  bright  lines  in  fourth-type  spectra. 
If  numerous  Sun-spots  exist  on  these  stars,  it  might  be  expected  that  violent  eruptive  phenomena 
would  accompany  them,  and  perhaps  be  recognizable  spectroscopically.  But  a  careful  comparison 
with  the  chromospheric  lines  has  given  no  evidence  of  genuine  coincidences,  except  in  the  case  of  H0, 
which  is  bright  in  a  few  of  the  fourth-type  stars.  Comparisons  with  the  spectra  of  nebulic,  the  aurora, 
various  terrestrial  gases,  etc.,  have  resulted  similarly.  Only  in  the  case  of  the  Wolf-Rayet  stars  is 
there  any  evidence  of  a  common  origin,  and  hero  it  is  too  insecure  to  have  much  weight.  Tlio  follow- 
ing table  contains  the  results  of  a  comparison  of  some  of  the  Wolf-Rayet  lines,  as  iiicas'ircd  by 
Campbell,"  with  bright  lines  in  fourth-type  si)ectra. 

MAftronomff  and  Aitrophyiicn,  Vol.  XIII  (ITOI),  p.  418. 
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In  examining  this  evidence  it  should  be  borne  in  mind  that  the  "very  bright"  (+  +  )  Wolf- 
Kayet  lines  X\4442,  J:().S8,  and  the  "bright"  (  +  )  lines  XX44S;0,  4504,  4026,  4636,  are  certainly  absent 
from  fourth-type  spectra.  It  will  be  noticed  that  these  include  Kydberg's  principal  series  hydrogen 
line  at  X  4688,  which  is  one  of  the  most  conspicuous  and  characteristic  lines  of  the  Wolf-Kayet  stars. 
In  some  of  them,  however,  it  is  inconspicuous,  and  in  SDM.  — 11° ib\}3  it  is  not  observable  visually, 
though  shown  on  Campbell's  photographs.  X  4442  is  very  bright  in  many  of  the  Wolf-Rayet  stars, 
but  in  some  of  them  it  was  neither  seen  nor  photographed.  From  the  range  of  Campbell's  measures 
it  seems  quite  improbable  that  the  Wolf-Rayet  line  X  4466  can  coincide  with  the  fourth-type  line 
\  4464.0.     The  Wolf-Rayet  line  X4473  is  i^resumably  the  helium  line  X  4471.7;  hence  it  probably 


Foueth-Type  3t.\es 

Wolf-Rayet 

Stars— CAMPBELL 

Wave 

Length 

Inten- 

No. 

Inten- 

No. Stars 

Remarks 

sity 

sity 

Mean 

Range 

Mean 

Range 

4464.0 

63.8-64.1 

4  5 

/ 

4466 

65-67 

+ 

4 

4473.6 

73.6-73.6 

4 

2 

4473 

73-74 

+ 

2  (Dark  in  3) 

Helium  line  X  4471.7 

4508.6 

08.2-08.7 

4 

4 

4509 

04-10 

++ 

4  (Dark  in  1) 

Blend  of  X  4504  with  X  4517 

4517.3 

17.1-17.7 

2 

5 

4517 

15-18 

+ 

4 

4.539.0 

38.7-39.2 

3 

6 

4541 

34-44 

++ 

21 

Second  .series  H  line  X  4542.0 

4596.1 

95.8-96.2 

4 

7 

4.596 

92-98 

5 

4615.1 

15.0-15.2 

5 

6 

4615 

14-16 

4 

4053.0 

52.8-53.1 

3 

3 

4652 

50-54 

++ 

14 

4861.3 

60.7-61.5 

2-9 

4 

4862 

++ 

21 

H^ 

5412.4 

12.3-12.6 

2 

5 

.5412 

10-16 

++ 

24 

Second  series  H  line 

5472.3 

71.8-72.4 

3  4 

6 

5472 

69-74 

+ 

13 

5592.4 

91.8-93.2 

2-3 

7 

5593 

90-96 

+ 

15 

5693.8 

93.2-94.4 

6 

8 

5693 

90-95 

++ 

18 

Sharp  in  DM.  +  30°  .3639,  where 
length  is  5694.0 

wave- 

does  not  correspond  with  the  fourth-type  line  X  4473.6.  The  Wolf-Rayet  line  X4541  is  undoubtedly 
a  line  of  the  second  series  of  hydrogen ;  the  mean  wave-length  of  this  line,  as  determined  by  Messrs. 
Frost  and  Adams  on  ten  plates  of  four  Orion  stars,  is  4542.0;  hence  it  does  not  correspond  with  the 
fourth-type  line  X  4539.0.  This  fact,  together  with  the  absence  of  the  X  4688  line  of  the  principal 
series,  makes  it  improbable  that  the  agreement  of  the  fourth-type  line  X  5412.46  with  the  second  series 
hydrogen  line  X5412  can  have  any  meaning.  On  account  of  the  well-known  relationship  between 
Wolf-Rayet  and  Orion  type  stars,  it  may  be  that  the  Wolf-Rayet  lines  XX  4596,  4615,  4652  correspond 
with  the  oxygen  and  nitrogen  lines  XX  4596.29  (O),  4614.0  (.V),  4650.9(0)."  This  would  admit  of 
the  presence  of  the  first  of  these  lines  in  fourth-type  stars,  but  would  exclude  the  second  and  third. 
In  this  connection  it  should  be  added  that  oxygen  and  nitrogen  lines  (not  present  in  Wolf-Rayet 
stars)  may  possibly  coincide  with  fourth-type  lines  as  follows: 


Oxygen  and  Nitrogen 

Fourth-Type  Stars 

Wave-Length 
(Frost  and  Adams) 

Wave-Lenglh 

Intensity 

No.  Stars 

4591.07  (0) 
4621.55  (JV) 
46.30.7    (N) 
46.38.94  (O) 
4641.89  ((>) 
4661.73  (0) 

4590.3 
4621.5 
4&31.2 
4&38.9 
4642.1 
4660.6 

3 

5-6 

4 

4 

4 
2-3 

3 

5 
5 
8 
6 
3 

In  the  first  case  the  agreement  is  not  satisfactory ;  in  the  last  the  line  is  so  broad  in  the  stars 
that  it  might  include  the  oxygen  line.  The  other  four  lines  are  conspicuous  in  most  of  the  stars,  and 
the  close  agreement  of  wave-lengths  may  perhaps  be  significant.  It  should  be  remarked,  however,  that 
many  of  the  most  prominent  lines  of  oxygen  and  nitrogen  do  not  appear  among  the  fourth-type  lines. 

3'Wave-lengths  of  Frost  and  Adams  ;  idcutiiicatious  of  Neovius. 
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With  further  reference  to  the  Wolf-Rayet  stars,  it  may  be  saiil  that  the  generally  broad  and 
diffuse  character  of  the  lines,  while  it  undoubtedly  complicates  the  comparison  by  rendering  the 
measures  less  accurate,  may  not  preclude  coincidence,  in  some  cases  at  least,  with  the  narrower  fourth- 
type  lines;  for  Campbell  states'*  that  in  the  Wolf-Rayet  star  DJ/. +30°3();3i)  the  lines  are  better 
defined  than  in  any  of  the  other  spectra,  and  that  X  oOit-l  is  so  sharp  that  it  appears  to  be  monochro- 
matic. The  close  agreement  of  the  wave-length  of  this  line,  determined  from  a  long  series  of  measures 
of  this  star  made  by  Campbell,  with  that  of  the  very  strong  and  characteristic  fourth-type  line  X  5G93.8 
suggests  a  common  origin. 

Since  Hy  and  Hi  have  been  found  with  the  two-foot  reflector  to  be  jiresent  as  very  ])rominent 
dark  lines  in  the  spectrum  of  19  Piscium,  while  iJyS  is  present  as  a  strong  bright  line  in  2S()  Sclijel- 
leriip,  it  becomes  a  matter  of  great  interest  to  determine  the  character  of  the  ///8  line  in  the  spectra 
of  other  stars  of  the  fourth  type.  From  an  examination  of  the  catalogue  of  lines  (see  line  No.  278, 
p.  100)  it  will  be  seen  that  H0  ai){)ears  to  be  absent  from  the  spectra  of  19  Piscium,  318  Birmingham, 
78  SclijcUeriip,  and  132  Schjellerup,  while  it  is  recorded  as  follows  in  the  spectra  of  four  stars: 


Star 

Intensity 

Character 

Wave-Length 

280  SchjeUerup 

78  Schjellerup 

115  Schjellerup 

152  Schjellerup 

9 

2 

"Max" 

1-2 

B 

nn  B 
B 
n  B?? 

4861.4 

•1  Mill.  7 

Hitherto  the  presence  of  dark  HB  and  Hy  lines  in  the  spectra  of  fourth-type  stars  has  been 
proved  only  in  the  case  of  19  Piscium.^  In  the  spectrum  of  this  star  H^  is  very  faint  or  absent. 
Thus  the  condition  of  hydrogen  in  this  star  (and  presumably  in  others  of  the  fourth  type)  resembles 
its  condition  in  the  Wolf-Rayet  stars,  where  the  ultra-violet  lines  of  this  gas  are  dark,  while  some  of 
the  less  refrangible  lines  are  absent  or  bright.*" 

We  would  base  no  final  conclusion  on  the  data  now  available,  but  we  believe  that  tlie  slender 
evidence  of  similarity  of  spectra  here  presented,  together  with  the  collateral  evidence  afforded  by  the 
peculiarity  of  the  hydrogen  radiation  in  both  ty{)es  of  stars,  and  their  tendency  to  cluster  in  the  Milky 
Way,  should  lead  to  a  thorough  investigation  of  the  bright  lines  in  the  future.  Some  discussion  of 
the  bearing  of  these  matters  on  stellar  evolution  and  the  classification  of  stellar  s[)ectra  may  be  found 
elsewhere.*' 

The  bright  H0  line  in  2S0  ScJijrllcriip  seems  to  vary  in  intensity.  The  f(3llowiiig  pliotogrnplis 
are  availaVde  to  test  the  question,  and  seem  to  leave  no  doubt  regarding  the  fact,  though  the  dispersion 
of  the  one-prism  plates  is  insufficient  to  show  minor  changes: 

INTENSITY  OF  THE  BRIGHT  HP  LINE  IN  280  SCHJELLERUP 


Plate  No. 

Date 

Intensity 

Plate  No. 

Date 

Intensity 

y.         m.      cl. 

>•• 

m.      d. 

O  202 

1898      6      3 

Not  shown 

.346 

1899 

10    18 

10 

234 

9      7 

10 

.360 

12    21 

Not  shown 

245 

10    26 

Xot  shown 

am 

12    28 

11         11 

246 

(10    31/ 

11         11 

.3(37 

12    29 

11         .1 

111      1 

.S70 

1900 

1      2 

11         11 

274 

1899      1    14 

11         11 

.-MS 

2    15 

II         11 

345 

10    12 

11         11 

.388 

2    25 

Pickering  states  that  the  110  line  is  of  variable  intensity  in  the  spectnmi  of  the  star  A.G.C  9181." 


w  toe.  cit.,  p.  4B1. 

^  Withcxi.stinK  in.qtmmont.^i  the  experiment  of  pfaotof^raphinff  the 
Tiolot  rrffion  of  the  spectrum  ni '^i'O  Hrhjcllcrup  Hn  which  Hfi  ih  some- 
times bright)  would  bo  rendered  extremely  diflicult  by  the  faintnoss 
of  this  star. 


•"See  p.  1.30. 
<l  See  p.  134. 
'-  Anlinphyiiii 


il.  Vi.l.  VIT  (WM).  p.  l.W. 
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VARIABILITY   OP  FOURTH-TYPE   STARS 

There  are  237  stars  of  this  type  included  in  Espin's  Eevised  Cdfaloyve  of  the  Stars  of  the  IV 
Type,*''  published  in  1898.  Of  this  number  twenty-eight  are  recognized  as  variable  in  Chandler's 
Third  Catalogue,  and  twenty  more  are  included  in  the  supplement  issued  in  1901  by  the  committee  of 
the  Astronomische  Gesellschaft."  The  total,  forty-eight,  is  20  per  cent,  of  the  whole  number.  The 
amount  of  variation,  as  given  by  the  above  catalogues,  averages  2A  magnitiides  for  forty-one  stars. 
The  ranee  of  variation  is  distributed  as  follows: 


numbek  of 
Stars 

Percentage 

Type  IV 

AU  Stars 

1 

13 
12 
7 
5 
3 

2 
32 
29 
17 
12 

7 

1  mag.  and  less  than  2 

18 
6 

9 

50 

18 

41 

137 

Column  two  gives  the  number  and  column  three  the  percentage  of  stars  having  each  range,  and  the 
last  column  gives  corresponding  percentages  from  Chandler's  table"*  for  all  the  variables  well  determined 
in  his  First  Catalogue.  In  comparing  the  two  columns  of  percentages,  it  should  be  remembered  that 
Chandler's  stars  include  the  short-period  variables,  of  small  range,  giving  a  maximum  to  the  curve  at 
a  range  between  1  and  2  magnitudes;  but  none  of  these  short-period  stars  are  of  Type  IV.  Leaving 
these  out  of  consideration,  the  maximum  range  for  variables  in  general  is  about  4  or  5  magnitudes,  but 
for  Type  IV  the  maximum  range  is  about  2  magnitudes. 

It  now  becomes  interesting  to  consider  the  proportion  of  variables  among  stars  of  Types  III  and 
IV,  as  shown  in  the  following  table: 


List 

Number  of 
Stars 

Number  of 
Variables 

Percentage 

Types 

Espin^' 

237 

297 

1,217 

48 

45 

125 

20 
15 
10 

IV 

Dun^r" 

Prost-Scheiner*'*. .  . 

III 

III  and  IV 

The  above  tables  are  necessarily  incomplete,  and  it  is  probable  that  the  number  of  variables  in 
each  class  will  be  increased  as  observations  are  multiplied.  But,  as  they  stand,  the  tables  are  faii-ly 
comparable,  and  show  that  the  tendency  to  variability  is  somewhat  greater  in  stars  of  Type  IV  than  in 
those  of  Type  III. 

DISTRIBUTION   OP    FOURTH  TYPE    STARS 

The  distribution  of  242  stars  of  the  fourth  type  with  respect  to  the  Milky  Way  was  investigated 
by  Mr.  Parkhurst  in  1898  and  the  results  were  presented  at  the  Second  Conference  of  Astronomers  in 
August  of  that  year.  In  1899  Rev.  T.  E.  Espin  published  in  the  Astrophi/siad  Journal  (Vol.  X,  p. 
169)  the  results  of  a  similar  count  of  224  stars,  showing  close  agreement  with  Mr.  Parkhurst's  count. 
Both  show  that  the  distribution  in  north  and  south  galactic  latitude  is  quite  similar,  and  that  the  stars 
are  scattered  quite  evenly  in  the  zone  of  latitudes  greater  than  30?  The  following  table  gives  the 
results  found  by  Espin  and  Parkhurst,  also  the  distribution  of  9676  Durchmusternng  stars  of  magni- 


i3  Monthly  Notices,  Vol.  LVIII  (1898),  p.  443. 
ii  Astronomical  Jouryial,  Vol.  XXII,  p.  77. 
« Ibid.,  Vol.  IX,  p.  2. 


*''Loc.  cit.,p.  444. 

*^  "Sur  les  6toiles  k  spectres  de  la  troisi^rae  classe,"  p.  15 

^^  Astronomical  Spectroscopy,  p.  402. 
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tildes  6.5  to  9.5,  from  Seeligers  couut  in  the  secoud  Municli  fatalogue.  Tlie  "Density'"  column 
wives  the  number  per  unit  area  (the  sphere  being  taken  as  unity);  the  cohunn  "Condensation"  gives 
for  each  zone  the  ratio  of  its  density  to  the  density  in  the  zone  >30'? 


ZOSE 

NCHBES 

OF  Stabs 

Density 

CONDESSATIOS 

Galactic  Lat. 

Espin 

Parkhurst 

Espin 

Parkhurst 

Espin 

Parkhurst 

D.V.  Stars 

0°      5=                          

I     123 

43 
27 
31 

92 
46 
58 
17 
29 

1      708 

256 

171 

62 

1,060 
532 
345 

108 
58 

1      11.4 

4.0 
3.0 
1.0 

18.3 

9.2 
6.0 
1.9 
1.0 

2.7 

5»   10'           

2.6 

10'  20' 

2.1 

20°  30"                 

1.5 

>30=         

1.0 

Total 

224 

242 

PHYSICAL  CONDITION  OF  FOURTH-TYPE  STARS 
The  results  described  in  the  foregoing  pages  enable  us  to  draw  certain  conclusions  regarding  the 
physical  and  chemical  condition  of  fourth-type  stars.  It  has  long  been  assumed,  perhaps  on  insuffi- 
cient grounds,  that  the  red  color  of  these  stars,  indicating  great  general  absorption  in  their  atmospheres, 
might  be  considered  as  an  index  to  a  temperature  lower  than  that  of  the  Sun.  Although  we  have  been 
able,  by  giving  a  very  prolonged  exposure,  to  photograph  the  H  and  K  lines  in  the  spectrum  of  19 
Piscium,  the  faintness  of  this  region  in  fourth-type  spectra  is  so  great  that  with  ordinary  exposures  no 
trace  of  it  is  shown.  With  this  marked  increase  of  general  absorption  we  also  find  evidence  of  increased 
selective  absorption.  This  is  most  conspicuous  in  the  case  of  the  carbon  bands"  and  the  violet  cyano- 
gen band,  which  are  wholly  absent  from  the  solar  spectrum.  The  metallic  lines  are  also  in  many 
cases  much  stronger  than  in  the  solar  spectrum.  These  changes  of  intensity,  for  the  most  part,  are 
such  as  would  probably  result  from  the  cooling  of  a  star  like  the  Sun,  especially  if  such  cooling  were 
accompanied  by  the  development  of  extensive  Sun-spots. 

Let  us  now  inquire  more  closely  into  the  physical  constitution  of  tlio  fourth-type  stars,  at  first 
with  special  reference  to  the  level  in  their  atmospheres  at  which  the  carbon  absorption  occurs.  It  is 
fortunately  possible  to  answer  this  question  with  some  definiteness,  in  view  of  certain  obsei-vations  of 
the  carbon  bands  in  the  solar  chromosphere  made  by  one  of  us.*  According  to  Lockyer's  early  view, 
the  carbon  flutings  in  the  solar  spectrum  were  due  to  the  absorption  of  carbon  vapor  in  the  corona,  at 
some  distance  above  the  chromosphere.''  The  large  solar  image  given  by  the  forty-inch  Yerkes 
refractor  permitted  a  test  of  this  question  to  be  made  in  1897.  With  excellent  atmospheric  conditions 
and  a  very  narrow  tangential  slit  the  numerous  fine  lines  which  constitute  the  green  carbon  fluting 
were  seen  to  be  bright  at  the  very  ba.se  of  the  chromosphere.  As  the  least  displacement  of  the  instru- 
ment caused  the  lines  to  disappear,  it  was  evident  that  the  layer  of  carbon  vapor  is  very  thin,  probably 
not  exceeding  a  single  second  of  arc  in  thickness.  Subsequently,  under  exceptionally  favorable  con- 
ditions, seven  lines  in  the  yellow  carbon  fluting  were  seen  as  bright  lines  in  the  chromosphere.  At  the 
eclipse  of  January  22,  1898,  the  arcs  corresponding  to  the  heads  of  the  cyanogen  fluting  at  X3883 
were  among  the  shortest  photographed  in  the  flash  spectrum." 

The  probability  thus  derived  from  solar  observations  that  ilie  carbon  vapor  in  fourth-type  stars 
lies  in  close  contact  with  the  photosphere  is  strengthened  by  the  fact  that  several  of  the  bright  lines 
in  fourth-type  spectra  are  suix-rposed  upon  the  carbon  flutings.  It  would  thus  apjiear  that  the  unknown 
gases  which  produce  these  bright  lines  rise  above  the  low-lying  carbon  vapor,  just  as  hydrogen,  helium, 


<'*Throui?hoat  this  discassion  the  ban<ls  or  flutioi?s  of  the  Swan 
spectrum  are  referred  to  f*»r  convenience  as  the  "carbon"  bands. 
Thene  may  be  due  to  some  comixmnd  of  carbon:  presumably,  if  this 
is  the  case,  to  carbon  monoxide  (see  p.  116). 

5'^GeokoeE.  Hale,  "On  the  Presence  of  Carbon  in  llu;  Chromo- 


sphere," ABtrnphl/Kicul  Juurmil.  Vol.  VI  (1897),  p.  412;  Vol.  X  (1899), 
p.  287. 

61  Proc.  Roy.  Soc.,  Vol.  XXVII,  p.  ri08, 

'•SLocKYEB,  "Total  Eclipse  of  the  Sun,  .lanuary  22, 1898  —  Observa- 
tions at  VizindruK,"  Phil.  Tram.,  Vol.  CXCVII  (1901),  p.  20;). 
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aud  calcium  do  in  the  solar  chromospliere  and  prominences.  We  also  find  that  many  of  the  dark  lines 
of  iron  and  other  elements  are  absent  from  fourth-type  spectra,  their  places  being  covered  by  over- 
lapping bright  lines.  Thus  again,  as  in  the  case  of  the  Sun,  we  have  evidence  that  carbon  in  some 
form  is  associated  with  low-lying  metallic  vapors,  above  which  rise  the  gases  whose  radiations  reach 
us  without  reversal. 

It  is  a  curious  fact,  perhaps  not  without  significance,  that  the  cyanogen  flutings  beginning  at 
\4609  in  fourth-type  spectra  do  not  appear  to  increase  in  strength  from  star  to  star,  in  harmony  with 
the  increase  of  intensity  observed  in  the  case  of  the  carbon  bands  (see  Plate  VIII).  This  is  the  more 
remarkable  when  it  is  remembered  that  the  cyanogen  absorption  in  these  stars  is  much  stronger  than 
in  the  case  of  the  Sun,  where  these  violet  flutings  appear  to  be  entirely  absent.  For  some  reason  the 
maximum  intensity  of  these  flutings  seems  to  have  been  attained  in  so  slightly  developed  a  fourth-type 
star  as  2S0  SchjeUenq).  In  this  connection  the  presence  of  these  flutings  in  third-type  stars,  as 
indicated  in  Fig.  3,  Plate  VII,  is  of  interest,  particularly  in  view  of  the  fact  that  the  carbon  (Swan 
spectrum)  flutings  seem  to  be  absent  from  stars  of  the  third  type. 

Further  evidence  of  increased  absorption,  and  possibly  of  decreased  temperature,  is  afforded 
by  the  behavior  of  the  metallic  lines  in  fourth-type  stars.  Calcium  offers  an  interesting  case.  It  is 
well  known  that  in  the  laboratory  the  line  at  X-l:227  increases  in  relative  strength  as  the  tem- 
perature of  the  calcium  vapor  falls,  and  also,  according  to  Huggins,  as  the  density  of  the  calcium 
vapor  increases.  In  the  Bunsen  burner  this  is  a  conspicuous  line,  while  H  and  K  are  absent. 
The  great  strength  of  this  line  in  the  spectrum  of  19  Piscmm  (Pig.  2,  Plate  XI)  should  afford 
a  valuable  criterion  as  to  the  physical  condition  of  these  stars.'''  It  should  be  noted  in  this  con- 
nection, as  the  figure  indicates,  that  this  line  is  equally  strong  in  the  spectra  of  third-type  stars.  The 
very  strong  and  broad  line  at  X  6270  in  the  spectrum  of  152  Schjellerup  may  possibly  coincide  with 
the  strong  line  in  the  flame  spectrum  ascribed  by  Eder  and  Valenta  to  calcium  oxide. 

The  tables  of  identifications  contain  more  evidence  of  the  same  character.  Perhaps  the  most 
interesting  case  of  this  kind  is  the  variation  of  the  relative  intensities  of  the  titanium  lines  in  the 
group  X  453-1-1:536,  referred  to  more  particularly  below  in  connection  with  the  question  of  the  classi- 
fication of  fourth-type  stars.'*  The  lines  of  this  group  are  strongly  developed  in  fourth-type  spectra, 
with  the  exception  of  X  4534.14,  which  is  the  only  line  of  the  group  present  in  the  spectra  of 
the  early  Orion  stars.  This  is  an  "enhanced"  line,  which  in  the  spark  spectrum  is  greatly  reduced 
in  intensity  when  the  self-induction  of  the  secondary  circuit  is  increased.  The  changes  in  this  group 
may  be  due  to  electrical  rather  than  to  thermal  causes,  but  they  at  least  harmonize  with  what  might 
be  expected  to  result  from  a  reduction  of  temperature. 

The  possibility  that  spots  like  those  on  the  Sun  may  form  a  characteristic  feature  of  fourth-type 
stars  is  strongly  suggested  by  the  evidence  which  we  have  acciimirlated  (p.  123).  It  is  hardly  neces- 
sary to  say,  however,  that  much  more  evidence  in  this  direction  is  needed.  In  view  of  the  ease  with 
which  Sun-spot  spectra  may  be  observed  with  instruments  of  moderate  size,  our  knowledge  of  the 
widened  lines  is  surprisingly  meager.  Much  systematic  work  on  spot  spectra  must  therefore  be  done 
before  the  data  desired  for  a  thorough  study  of  the  question  will  become  available.  If  the  lines 
widened  in  Sun-spots  are  to  be  regarded  as  characteristic  of  fourth-tyi)e  stars,  they  seem  to  be  equally 
characteristic  of  stars  of  the  third  type.  This  fact  will  permit  a  rigorous  test  of  the  identification 
of  the  lines  to  be  made,  since  several  stars  bright  enough  to  be  photographed  with  very  high  dispersion 
occur  among  the  stars  of  the  third  type.  It  is  hoped  that  the  investigations  now  in  progress  at  the 
Yerkes  Observatory  on  the  spectra  of  Sun-spots,  and  those  which  may  soon  be  undertaken  here 
with  a  coelostat  reflecting  telescope  and  concave  grating  spectrograph  on  the  spectra  of  a  few  of  the 
brightest  third-type  stars,  may  permit  a  final  decision  to  be  reached  regarding  the  presence  of  the 

53  It  is  hoped  that  experiments  in  progress  at  the  Yerkes  Observa-  54  gee  p.  IJi. 

torymay  permit  the  effects  of  temperature  to  be  distinguished  from 
those  of  density. 
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widened  lines  in  the  spectra  of  red  stars.  Sun-spots  are  pivsnumbly  to  be  associated  with  a  Lnte 
rather  than  an  early  stage  of  solar  development,  and  there  is  reason  to  suppose  that  they  may  grow 
more  numerous  as  the  Sun  continues  to  cool.  On  a  priori  groimds,  therefore,  they  might  well  be 
expected  to  be  prominent  features  of  red  stars.  The  strong  tendency  of  these  stars  to  variability. 
which  is  even  more  pronounced  in  the  case  of  fourth-type  than  in  that  of  third-type  stars,  certainly 
does  not  lessen  the  probability  that  numerous  Sun-spots  are  present. 

The  bright  lines,  of  whose  existence  in  fourth-type  spectra  we  have  given  ample  evidence,  have 
offered  difficulties  of  identification  which  we  have  hitherto  been  unable  to  overcome.  It  is  a  curious 
fact  that  the  bright  lines  of  the  Wolf-Rayet  stars,  most  of  which  have  also  proved  impossible  to  iden- 
tify, seem  to  agree  in  some  cases  with  the  bright  lines  of  fourth-type  spectra.  From  the  detailed 
comparisons  which  are  given  elsewhere  (p.  125)  it  will  be  seen  that  the  evidence  is  by  no  means  con- 
clusive. The  positions  of  the  lines  are  not  yet  known  with  sufficient  acciu-acy,  and  in  any 
event  the  number  of  apparent  coincidences  is  too  small  to  have  much  meaning.  In  the  course  of 
this  comparison,  however,  we  could  not  fail  to  take  into  consideration  the  fact  that  the  Wolf-Rayet 
and  fourth-type  stars  possess  in  common  a  peculiarity  which  is  shared  by  few  other  objects  in  the 
heavens,  namely,  the  presence  in  their  spectra  of  both  bright  and  dark  hydrogen  lines. "'' 

In  a  study  of  the  spark  discharge  in  liquids  and  in  compressed  gases'^  it  has  been  found  that  as 
the  conditions  become  more  and  more  favorable  to  absorption — for  example,  as  the  pressure  of  the 
gas  is  increased — the  reversals,  which  appear  first  in  the  ultra-violet,  advance  gradually  into  the  vis- 
ible spectrum.  This  dependence  of  selective  absorption  upon  wave-length  harmonizes  completely  with 
the  earlier  experiments  of  Liveing  and  Dewar,  who  obtained  similar  results  with  the  electric  furnace."' 

In  the  Sun,  although  the  entire  series  of  hydrogen  lines  has  been  observed  in  the  chromosphere, 
only  the  less  refrangible  members  appear  among  the  Fraunhofer  lines.  In  this  case  we  have  a 
partial  inversion  of  the  phenomenon  observed  in  Wolf-Rayet  and  fourth-type  stars:  the  more  refran- 
gible members  of  the  series  are  absent,  while  dark  linos  are  present  at  the  less  refrangible  end. 

Kayser  has  proposed  an  explanation  of  such  phenomena  as  a  direct  consequence  of  KirclihofF's 
law.  If  the  coefficient  of  absorption  were  identical  for  all  spectral  lines,  the  reversals  should  begin  in 
the  ultra-violet  and  advance  toward  the  red.  In  the  series  lines  of  hydrogen,  as  represented  in  the 
Sun,  the  coefficient  of  absorption  decreases  so  rapidly  with  the  wave-length  that  the  strong  lines  in 
the  visible  spectrum  reverse  first.  The  reversals  should  be  strongest  near  the  wave-length  of  maxi- 
mum energy  for  the  absorbing  body.^*  As  compared  with  the  Sun,  the  Wolf-Rayet  stars  should 
therefore  show  a  shift  of  the  maximum  of  intensity  in  the  hydrogen  spectrum  toward  the  violet. 

It  is  fortunately  possible  to  test  this  assumption,  as  Campbell  has  shown  that  the  Wolf-Rayet 
star  DM.  -)-  30° 3630  has  an  extensive  hydrogen  atmosphere,  the  bright  lines  of  which  can  l)o 
observed  directly.  Campbell,  indeed,  found  that  in  this  case  Ha  is  very  faint,  while  7/7  is  brigliter 
and  ///3  is  very  bright  indeed. 

Langenbach  has  recently  shown  that  the  maximum  of  intensity  in  a  line  spectrum  shifts 
toward  the  violet  with  increasing  temperature,  just  as  it  does  in  the  case  of  a  continuous  si)ectrum 
from  a  solid  body.  Thus  with  hydrogen  an  increase  of  current  strength  through  tlie  primary  of  the 
induction  coil  increased  the  intensity  of  the  Ha,  H^,  and  Hy  lines,  but  the  increase  was  most  rapid 
for  the  more  refrangible  of  these  lines.     Similar  results  were  found  for  lithium  and  helium.'' 

Langenbach  concludes  that  his  experiments  indicate  a  very  high  temperature  for  the  nebuhe, 
where  a  similar  shift  of  the  maximum  has  been  observed.  Such  a  conclusion  might  perhaps  apply  to 
the  Wolf-Rayet  stars,  but  it  would  be  out  of  harmony  with    what    we  know  regarding  stars  of 

"■•The  bearing  of  this  fact  on  the  classiilcation  of  stellar  spectra  Kent,  "Second  Note  on  the  Spark  Spoctrnm  of  Iron  in  Liquids  and 

is  discnsscd  on  p.  IM.  Compressed  Gasos,"  ibid..  Vol.  XVII  (1903),  p.  l.")l. 

W.0EOROE  E.  Hale,  "  Note  on  the  Spark   Spectrum   of  Iron  in  .-,,  /.,„«.  Cambridge  Phil.  Sac.,  Vol.  IV  (188'2),  p.  2.-W. 

Liqnida  and  in  Air  at  Hi«h  Pressures,"  Anlrophysical  .Journal,  Vol. 

XV  (liKK),  p.  132;  Oeoroe  E.  Hale,  "Selective  Absorption  as  a  Func-  '■"  AstrophyiicalJoumal,  Vol.  XIV  (IMl),  p.  31,3. 

tion  of  Wave-Longth,"  ibul.,  p.  227;   Geoeob  E.  Halb  and  N.  A.  M^nTm/enrfcrPAynifc  (4),  Vol.  X,  p.  789. 
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the  fourth  type.  Pickering  states  that  in  a  photograph  of  the  spectrum  of  a  meteor  Hh  is  the  most 
intense  of  the  hydrogen  lines.'"  But  woukl  it  be  safe  to  conclude  that  the  hydrogen  in  the  meteor 
was  hotter  than  the  hydrogen  in  the  Sun?  In  such  a  star  as  7  Cassiopeiae,  where  the  temperature 
may  be  considerably  higher  than  in  the  Sun,  H^  is  more  intense  than  any  of  the  other  lines.  But  in 
certain  variable  stars  of  long  period,  which  are  generally  supposed  to  be  cooler  than  the  Sun,  H^  is 
the  strongest  hydrogen  line."" 

In  the  case  of  the  nebulae,  meteor,  and  third-type  variables,  Thomson's  observation  of  the  spec- 
trum of  hydrogen  in  a  vacuum  tube,  separated  into  two  parts  by  an  aluminium  partition,  may  perhaps 
be  significant.  He  found  that  Ha  was  brighter  than  i?/3  at  the  positive  pole,  while  at  the  negative 
pole  the  relative  intensities  of  the  two  lines  were  reversed."  Although  Kirchhoff's  law  could  not 
be  supposed  to  hold  for  a  gas  radiating  in  this  way,  a  shift  of  the  maximum  thus  produced  might 
perhaps  cause  the  effects  observed  in  the  case  of  the  fourth-tyi)e  stars.  We  believe  that  since 
much  evidence  favors  the  view  that  the  fourth-type  stars  are  cooler  instead  of  hotter  than  the  Sun, 
a  further  study  of  the  whole  siibject  must  be  made.**" 

CLASSIFICATION  AND  EVOLUTION  OP  FOURTH-TYPE  STARS 
Although  we  have  investigated  in  detail  the  spectra  of  but  eight  stars,  our  collection  of  photo- 
graphs comprises  the  spectra  of  the  following  stars  of  the  fourth  tyjie:  7  Schjclleru^h  DM.+51°  702, 
27a  Schj.,  41  Schj.,  51  Schj.,  72  Schj.,  74  Schj.,  78  ScJij.,  115  Schj.,  318  Birmingham,  132  Schj.,  152 
Schj.,  1556  Schj.,  458  Birm.,  219  Schj.,  229  Schj.,  509  Birm.,  521  Birm.,  541  Birm.,  288  Schj.,  249a 
Schj.,  251  Schj.,  280  Schj.,  19  P-iscium.  All  of  these  spectra  have  been  used  in  a  study  of  the  classi- 
fication and  evolution  of  fourth-type  stars.  This  inquiry  divides  naturally  into  two  parts:  (1)  the 
development  of  these  stars,  as  shown  by  changes  in  their  spectra;  (2)  their  relationship  to  other 
stars  and  their  place  in  a  general  scheme  of  classification. 

The  criteria  which  we  employed  in  arranging  the  stars  in  a  series  were  the  changes  of  the  inten- 
sity of  the  carbon  bands  and  of  various  groups  of  lines.  The  several  series  obtained  independently 
by  means  of  the  different  criteria  in  general  agreed  very  well,  though  the  peculiarities  of  certain  lines 
sometimes  changed  the  order  somewhat  in  a  few  cases.  The  average  series,  based  upon  all  the  cri- 
teria, is  illustrated  in  Plates  VIII  and  IX.  From  these  plates  it  will  be  seen  that  the  spectra 
naturally  fall  into  three  divisions:  (1),  represented  in  the  plates  by  the  spectrum  of  280  Schj., 
includes  also  541  Birm.;  (2),  represented  in  the  plates  by  19  Pise,  318  Birm.,  74  Schj.,  78  Schj., 
132  Schj.,  and  115  Schj.,  includes  also  7  Schj.,  229  Schj.,  249a  Schj.,  51  Schj.,  219  Schj.,  251  Schj., 
238  Schj.,  72  Schj.,  and  458  Birm.;  (3),  represented  in  the  plates  by  152  Schj.  and  1556  Schj., 
includes  also  41  Schj.,  521  Birm.,  509  Birm.,  27a  Schj.,  and  Dil/.  +  57°  702.  It  will  be  seen  that  the 
second  division  contains  a  large  proportion  of  the  stars.  Within  this  division  the  order  of  arrange- 
ment is  somewhat  uncertain,  as  the  differences  among  the  spectra  are  so  inconspicuous  that  they  are 
frequently  offset  by  such  effects  as  may  arise  from  differences  of  slit-width,  exposure  time,  develop- 
ment, etc.  The  approximate  order  in  this  division  is  indicated  by  the  foregoing  enumeration  of  the 
stars  which  comprise  it.  Many  of  these  are  so  nearly  alike  that  their  relative  places  in  the  series 
cannot  be  certainly  determined  from  available  data. 

60  Harvard  College  Observatory  Circular,  No.  20.  toward   the  violet  and  appears  like  a  fluting,  is  found  only  in  132 

y.^  Proc.  Boy.  Sac,  Vol.  LVIII  (1895),  p.  235.  ■*''^'-    ^o  high  dispersion  photographs  were  made  for  other  stars  of 

,     ,  the  third  division. 

62  We  are  informed  by  Professor  Schuster  that  he  has  worked  out  ^    Yellow-green  region : 

a  new  explanation  of  the  simultaneous  presence  of  bright  and  dark  Bright  line  at  A  52.%.2,  intensity  10;  this  line  has  intensity  6  in  113 

lines  in  stellar  spectra,  which  will  soon  be  published.    It  is  hoped  ^^^^.^  ^^^  .^  present,  (hough  less  conspicuous,  in  the  other  stars, 
that  the  solar  work  now  in  progress  at  the  Yerkes  Observatory  may  ^^^^^^^  j.^^  ^^  A5508.3,  intensity  5-6;  this  line  has  intensity  2-3  in 

also  throw   some   light  on    this    question.    Wo  reserve  a   detailed  ^^  .^^  ^^^  j^,  g^-jij 
discussion  until  certain  experiments  are  completed.  '  g^gi^t  Une  at  A  5591.4,  intensity  10.    The  most  conspicuous  bright 

63  To  indicate  the  character  of  some  of  the  changes  which  occur  line  in  the  spectrum.  It  is  near  the  brightestpart  of  a  carbon  fluting; 
in  passing  through  the  series  of  stars,  the  following  lines  are  noted  jjjg  other  stars  show  a  group  of  bright  lines  here  whose  combined 
as  peculiar  to  lf>2  Schj.  and  other  stars  in  the  third  division:  intensity  is  very  much  less  than  that  of  the  line  in  132  ScAj. 

1.  Blue  region.— Tho  strong  dark  line  A  4751.6,  which  shades  off 
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According  to  Duner,  the  relative  intensities  of  the  carbon  bauds  are  not  the  same  in  all  of  these 
stars:  in  19  Piscium  the  yellow  band  is  much  fainter  than  the  other  principal  bands,  while  in  15'2 
SchjeUerup  it  is  as  strong  as  the  blue  band  and  nearly  as  strong  as  the  green  band.  As  our  spectra 
were  photographed  in  sections,  we  are  not  in  a  position  to  discuss  this  question,  and  we  shall  not 
undertake  to  do  so.  We  can  only  say  that  our  plates  show  nothing  capricious  about  the  behavior 
of  the  bands,  as  the  stars  occupy  practically  the  same  order  in  the  series  whether  they  be  arranged 
with  reference  to  the  intensity  of  the  blue  or  that  of  the  yellow  band.  It  therefore  might  appear 
that  the  absorption  of  carbon,  as  represented  by  either  the  blue  or  the  yellow  bands,  increases  gradu- 
ally with  the  star's  development.  As  Dun6r's  method  of  observation  was  better  adapted  than  our 
own  to  show  differences  in  the  relative  intensities  of  the  bands,  we  would  nevertheless  attach  greater 
weight  to  his  opinion  on  this  subject. 

It  will  be  noticed  that  the  order  of  development  in  our  series  corresponds  exactly  with  that 
given  by  Dunf^r  in  his  memoir.  In  fact,  so  far  as  our  results  are  comparable  with  those  of  Dun6r, 
they  generally  tend  to  conlirm  them  in  all  respects. 

With  few  exceptions,  spectroscopists  have  agreed  that  on  account  of  the  close  resemblance 
between  the  two  great  classes  of  red  stars,  their  spectra  should  be  classed  together.  This  was  the 
view  of  Vogel  when  he  prepared  his  system  of  classification  and  provided  in  the  two  subdivisions 
of  his  third  class  for  the  stars  of  Secchi's  third  and  fourth  types.  Dun^r,  to  whose  valuable  memoir 
we  have  had  so  many  occasions  to  refer,  considered  that  his  observations  went  to  confirm  Vogel's 
classification,  which  he  adopted  without  modification.  Pechtile,  on  the  contrary,  held  that  the  stars 
of  Secchi's  third  and  fourth  types  could  not  be  considered  as  co-ordinate  branches  starting  from  the 
Sun,  since  no  star  was  known  to  occupy  a  position  intermediate  between  that  of  a  fully  developed 
fourth-type  star  and  the  Sun.  As  Pechule's  memoir  is  not  accessible  to  us,  we  quote  the  following 
extract  as  given  by  Lockyer  in  The  MHcorHic  Hypofhcsis  (p.  3-lG): 

M.  Vogel  a  propose  une  classification  suivaut  les  diversos  phases  de  refroidissemeut  indiqu^es  par  les 
spectres,  dans  hiquelle  il  fait  des  types  III  et  IV  de  Secchi  deux  subdivisions  d'lme  meme  classe.  Ilia  et  Illb. 
Mais  je  trouve  certaines  difBcultfe  negatives  centre  cette  classification  relativemeut  au  role  qu'y  jouo  le  Illb. 
En  effet,  il  est  admis  que  le  IV  type  de  Secchi  se  distingue  nettemeut  du  III  type,  uon  seulement  par  la  position 
et  la  quantity  des  zones  obscures,  mais  aussi  par  le  fait  trfes-remarquable,  que  los  priucipales  de  ces  zones  sout 
bien  d6finies  et  brusquement  iuterrompues  du  cot6  du  violet  dans  le  III  tyjie,  du  c6t(5  dii  rouf^e  dans  le  IV.  Or, 
si  le  IV  type  doit  repr6senter  une  des  phases  de  refroidissemeut,  par  lesquelles  passent  les  6toil('s,  on  pent  faire 
deux  hyi>oth6ses.  La  premi&re  est  que  le  spectre  du  IV  type  soit  co-ordonn6  au  spectre  du  III  type,  de  maniiVe 
qu'il  y  ait  des  6toiles,  qui  passent  de  la  phase  representee  par  le  II  type,  h  la  phase  representee  par  le  III  type,  et 
d'autres,  qui  passent  din^ctemeut  du  II  type  au  IV.  Mais  cette  hypothf^se  est  inadmissible.  Car  on  counalt  des 
spectres  intermediaires  entre  le  I  et  le  II  type,  et  entrc  le  II  et  III;  mais  on  ne  connalt  pas,  h  ce  que  je  sache,  des 
spectres  du  II  type  tendant  au  IV.  Reste  done  I'hypothese,  que  la  phase  de  nsfroidissement,  representee  par  le 
spectre  du  IV  type,  soit  post6rieure  h  la  phase  representee  par  le  III  type,  de  manit'-re  que  les  spectres  des  etoiles 
passent  du  III  au  IV  type.  Si  ce  passage  se  fait  pen  k  pen,  il  devrait  y  avoir  des  spectres  intm-mediaires  entre 
le  III  et  le  IV  type;  mais  quoique  Secchi  par  example  le  17  Janvier  1868,  ait  determine  le  spectre  de  I'etoile  273 
Schjell.,  comme  semblant  intennediaire  entre  le  III  et  le  IV  type,  il  I'a  plus  tard  recounu  du  IV  type,  et  I'exist- 
ence  des  spectres  de  III-IV  type  n'est  nidlcment  prouvee.  On  pourrait  objecter  que  les  etoiles  du  IV  type  sout 
peu  nombreu.sf.'s  et  en  general  si  petites  qut;  Icurs  spectres  sent  dilficiles  &  voir,  et  quo  jiar  consequent  il  pourrait 
y  avoir  parmi  ces  spectres  quelquesuns,  qui  se  rapprochassent  du  III  type.  Mais  je  reponds  h  cette  remaniue, 
que  les  spectres  du  III-IV  type,  indiquant  une  phase  moins  refroidie,  devraient  au  contraire  en  general  appartenir 
h  des  etoiles  plus  grandes  que  celles  ayant  des  spectres  du  IV  type.  Si  on  veut  supposer  que  le  passage  du  III 
au  IV  type  se  fasse  subitement,  ou  par  une  Ciitastrophe,  pendant  laquelle  apparaissent  des  lignes  brillantes,  cette 
supiKtsition  m6me  constituerait  ime  difference  physique  bien  plus  distincte  entre  le  III  et  le  IV  type  qu'entre  le 
II  et  le  III;  et  le  IV  type  representerait  une  phase  bien  distiucte,  la  derniere  peutetre  avant  rextinction  totale 
Le  role  physique  du  IV  type  est  done  encore  si  myst6rieux,  que  j'ai  cru  pouvoir  encore  me  couformer  h  1  exemple 
de  d'Arrest,  en  .suivant  la  classification  formelle  de  Secchi. 
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Pechiile's  objections  were  well  answered  by  Dun^r,  who  showed  that  in  view  of  the  comparatively 
small  number  of  stars  known  to  have  spectra  of  Secchi's  fourth  type,  it  is  not  at  all  surprising  that 
objects  representing  the  transition  from  the  solar  stage  have  not  been  observed.  As  Dun6r  very 
justly  remarks,  it  would  be  difficult  to  recognize  stars  in  this  transition  stage  without  a  much  more 
thorough  spectroscopic  survey  than  has  yet  been  made.  Although  280  SchJcUerup,  which  represents 
the  earliest  state  of  a  fourth-type  star  that  we  have  observed,  contains  many  features  characteristic  of 
the  foiirth  type,  these  might  easily  be  overlooked  in  photographs  taken  with  very  low  dispersion.  As 
the  spectra  reproduced  in  Plates  VIII  and  IX  show,  the  cai'bon  absorption  bands  in  this  star  are  relatively 
very  feeble.  In  the  yellow,  the  band  is  reduced  to  a  single  pair  of  heavy  lines.  Stars  earlier  in  point 
of  development  would  of  course  show  even  less  marked  evidence  of  carbon  absoi'ption,  and  would 
probably  be  classed  as  solar  stars.  541  Birmingham  (Z)il/. +38°3957),  the  star  considered  by 
Duner  to  represent  better  than  any  other  the  transition  stage,  is  shown  by  our  photographs  to  have  a 
spectrum  practically  identical  with  that  of  280  Schjellerup  (though  we  have  no  evidence  as  to  the 
presence  of  the  bright  H^  line).  It  may  confidently  be  expected  that  when  spectra  of  the  solar  type 
are  better  known,  objects  intermediate  in  development  between  280  Schjellerup  and  the  Sun  will 
be  discovered.  This  argument  of  Dun^r's,  which  we  can  only  confirm,  disposes  of  Pechiile's  principal 
objection  to  Vogel's  classification.  We  shall  have  occasion  farther  on  to  refer  more  particularly  to 
the  close  resemblance  between  the  line  spectra  of  the  third  and  fourth  types,  as  well  as  to  other  details 
which  lead  us  to  adopt  the  views  of  Vogel  and  Dun^r. 

According  to  the  classification  of  stellar  spectra  developed  by  Lockyer  in  conjunction  with  his 
meteoritic  hypothesis,  stars  of  Secchi's  third  and  fourth  types  are  far  removed  from  each  other  in  point 
of  development.  The  third  type  represents  a  swarm  of  meteorites  in  the  first  stage  of  transition 
from  the  nebulous  to  the  stellar  condition,  while  the  fourth  type  represents  the  last  stage  in  stellar 
life,  immediately  following  the  condition  of  the  Sun. 

So  far  as  the  fourth-type  stars  are  concerned,  .it  therefore  appears  that  Lockyer  adopts  the  view 
held  by  other  investigators,  and  confirmed  by  the  present  research,  namely,  that  they  represent  the 
last  stage  of  stellar  development.  But  we  do  not  think  that  he  has  given  sufficient  reasons  for 
separating  fourth-type  stars  from  those  of  the  third  type.  In  the  first  place,  we  are  unable  to 
understand  how  the  spectra  of  third-type  stars  can  be  considered  to  resemble  in  any  way  the  spectra 
of  nebulae,  or  to  be  evolved  from  nebular  spectra.  So  far  as  we  are  aware,  no  star  showing  a 
spectrum  intermediate  in  character  between  that  of  a  nebula  and  the  spectrum  of  a  third- type  star  has 
hitherto  been  detected.     This  seems  to  us  a  most  serious  objection  to  Lockyer's  classification. 

Fiirthermore,  the  results  of  the  present  investigation  offer  reasons  for  believing  that  the  two 
great  classes  of  red  stars  are  closely  related  to  each  other,  and  that  they  are  to  be  regarded  as 
co-ordinate  branches,  each  of  which  can  be  traced  back  to  the  Sun.  The  dark  lines  of  the  two  types 
agree  remarkalily  well  (Plates  X  and  XI).  There  is  every  reason  to  believe  that  if  the  bands  were 
absent  from  the  two  types  of  spectra  the  line  spectra  would  resemble  each  other  very  closely  indeed — 
much  more  closely  than  either  would  resemble  the  spectrum  of  the  Sun  (Fig.  2,  Plate  XI).  The  chief 
distinction  between  the  two  types  is  thus  confined  to  the  bands  and  flutings,  and  even  here  we  have  a 
close  resemblance  in  the  case  of  cyanogen.  The  great  strength  of  the  \  4227  calcium  line,  and  the 
probable  presence  as  conspicuous  features  in  both  types  of  the  lines  greatly  widened  in  Sun-spots, 
certainly  tend  to  emphasize  the  relationship  of  the  two  classes  of  red  stars.  It  would  seem  very 
important  to  secure  further  evidence  regarding  the  question  of  widened  lines,  especially  with  reference 
to  their  exact  identification  in  third-type  spectra.  If  Sun-spots  exist  on  these  stars,  they  can  hardly 
be  regarded  as  slightly  condensed  meteor  swarms,  as  required  by  the  meteoritic  hypothesis. 

We  may  sum  up  the  points  of  resemblance  of  third-  and  fourth-type  stars  as  follows: 

The  stars  resemble  each  other:  (1)  in  their  red  color;  (2)  their  remarkable  tendency  to 
variability;  (3)  the  very  close  resemblance  of  the  dark  lines  in  their  spectra;  (4)  the  possibility  that 
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the  spectra  of  both  may  contain  the  lines  which  are  widened  in  Sun-spots;  (•""))  the  siuiihir  jihysical 
conditions  indicated  by  the  character  of  their  spectra;  (0)  the  presence  of  bright  lines  in  their  spectra: 
(7)  the  presence  in  their  spectra  of  dark  tliitings,  of  which  the  cyanogen  flutings  are  common  to  both 
types;  (8)  the  connection  between  both  types  of  spectra  and  the  spectra  of  solar  stars. 

Some  of  these  points  of  resemblance  are  suggested  rather  than  demonstrated  by  the  results  of 
the  present  research,  and  much  work  must  be  done  in  the  future  on  the  sjjcctra  of  both  these  classes 
of  stars.  But  we  believe  that  the  existing  evidence  is  decidedly  favorable  to  the  views  of  Vogel  and 
Duner,  and  that  stars  of  Secchi's  third  and  fourth  types  should  therefore  be  classed  as  co-ordinate 
branches,  having  their  origin  in  solar  stars. 

Apart  from  the  evidence  afforded  by  the  similarity  of  stars  of  the  third  and  foxirth  types,  certain 
other  considerations  bearing  on  the  general  question  of  classification  should  be  presented  here.  It 
has  already  been  shown  that  the  Wolf-Rayet  and  fourth-type  stars  have  three  points  in  common: 
(1)  their  tendency  to  cluster  in  the  Milky  Way;  (2)  the  presence  in  their  spectra  of  bright  lines,  a  few 
of  which  may  be  common  to  both  types;  (.3)  the  presence  in  their  spectra  of  both  bright  and  dark 
hydrogen  lines.  If  any  organic  relationship  between  these  two  classes  of  stars  could  be  established, 
it  would  conflict  seriously  with  current  ideas  regarding  stellar  evolution.  The  Wolf-Rayet  stars,  for 
many  excellent  reasons,  are  generally  believed  to  be  related  to  the  Orion  stars,  and  to  precede  stars 
like  Sirius  in  point  of  development.  We  consider  that  the  results  of  the  present  investigation  do  not 
oppose  this  view,  but  rather  tend  to  strengthen  it.  In  the  first  place,  we  are  not  prepared  to  say  that 
the  tendency  of  certain  classes  of  stars  to  cluster  in  or  near  the  Milky  Way  necessarily  indicates  any 
organic  relationship  between  such  objects.  If  it  were  assumed,  for  example,  that  the  fourth-type  stars 
are  at  immense  distances  from  the  Earth,"  and  that  an  absorbing  medium,  most  dense  near  the  poles 
of  the  Milky  Way,  exists  in  space,  an  apparent  clustering  of  these  stars  toward  the  Milky  Way  would 
result.  It  would  be  impossible,  of  course,  to  account  in  this  way  for  the  fact  that  all  of  the  Wolf- 
Rayet  stars  occur  in  the  Milky  Way  (or  in  the  Magellanic  Clouds),  but  it  docs  seem  to  follow  that  such 
a  distribution  of  the  fourth-type  stars  as  we  actually  observe  need  not  indicate  any  relationship  with 
Wolf-Rayet  stars."  Bright  lines  have  been  found  in  so  many  different  types  of  spectra  that  they 
cannot  be  regarded  as  a  safe  basis  for  classification,  and  they  are  not  employed  for  this  purpose. 
Finally,  as  we  have  already  remarked  (p.  131),  the  variations  in  the  relative  intensities  of  the  hydrogen 
lines  in  nebula,  Wolf-Rayet  stars,  third-type  variables,  and  meteors  are  such  as  to  permit  no  final 
conclusion  to  be  drawn  at  present  as  to  the  physical  condition  iriplied  by  these  phenomena.  We 
therefore  see  no  reason  to  believe  that  any  important  relationship  connects  the  Wolf-Rayet  and  the 
fourth-type  stars,  though  the  bright  lines  and  the  physical  condition  of  hydrogen  in  both  should  be 
made  the  subjects  of  further  investigation. 

The  variations  of  the  relative  intensities  of  certain  lines  of  titanium  hnvr  an  interesting  bearing 
on  the  general  classification  of  stellar  spectra.  The  line  \  4534.14,  ascrilu-d  ]>y  luiwland  to  Ti-Co,  is 
first  seen  in  /3  and  7  Orionis  as  an  extremely  faint  and  diffuse  darkening  on  tlic  continuous  spectrum. 
The  line  grows  steadily  stronger  in  the  following  stars:  ^Tauri,  y  Cori:i  (Vogel's  lb),  e  Ursdc 
Mnjoris,  a  C'yfjni,  a  Canis  Majoris  (Vogel's  la2) — and  reaches  maximum  intensity  in  a  Pcrsei,  where 
it  is  narrow  and  sharp,  and  in  e  Anrifffu;.  where  it  is  broad.  The  line  then  decreases  in  intensity 
through  the  solar  stars  7  Piscinm  and  a  BoQtis,  and  in  the  third-tyj)e  stars  a  Orionin  and  a  Taitn, 
where  it  is  the  faintest  line  of  the  titanium  group.  In  the  fourth-typo  stars  this  line  is  the  only  one 
of  the  titanium   gr()U{)  which  is  absent.     In  the  spark   spcctruin  of  titanium,  tlic   line  varies  greatly 

M  Profcasor  Bos-s,  who  has  very  kindly  looked  np  for  us  in  bis  MTho  assumption  that  stars  may  difliT  in  chemical  composition, 

records  the  proper  motions  of  a  lar»to  number  of  fourth-typo  stars,  and  that  this  may  bo  related  in  some  way  to  tlieir  distribution  in 

flnils  that  for  seventeen  stars  the  average  proper  motion  is  only  about  space,  must  not  bo  left  out  of  account  in  an  exhaustive  discussion  of 

0. '01,  while  in  other  cases,  which  arc  not  so  well  determined,  tho  stellar  classification;  but  it  need  not  bo  considered  here. 
proper  motion  is  apparently  in  no  instance  greater  than  O.'IO,  and  for 
moro  than  half  tho  stars  it  is  loss  than  0.'05. 
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with  change  of  self-induction  in  the  secondary  circuit,  becoming  fainter  with  increasing  self-induction. 
It  is  stronger  in  the  spark  than  in  the  arc. 

The  three  lines  of  the  group  X  4538.8  -  4530.3,  on  the  other  hand,  are  absent  or  very  faint  in 
all  of  the  stars  jireceding  7  Pischim  in  the  above  list.  They  then  appear  as  strong  lines,  and  they  are 
strongly  represented  in  solar,  third-type,  and  fourth-type  stars.  The  changes  of  these  lines  are 
illustrated  in  Fig.  3,  Plate  XI.  All  of  the  photographs,  except  that  of  the  fourth-type  star  132 
Schjelleriip,  were  made  with  the  Bruce  spectrograph  by  Messrs.  Frost  and  Adams,  to  whom  we  are 
indebted  for  some  of  the  information  given  here. 

SUMMARY   OF   RESULTS  AND   CONCLUSIONS 

I.  The  spectra  of  stars  of  Secchi's  fourth  type  contain  a  large  number  of  bright  and  dark  lines, 
in  addition  to  the  violet  flutings  of  cyanogen  and  the  flutings  of  the  Swan  spectrum. 

'1.  The  approximate  radial  velocities  of  eight  stars  range  from  +  5  km.  to  —  28  km. 

3.  Measures  of  the  wave-lengths  of  307  dark  lines  (average  probable  error  of  the  mean,  0.07  t.m.) 
indicate  that  the  following  substances  are  represented:  carbon  (as  cyanogen  and  in  the  elementary  or 
combined  state  corresponding  to  the  Swan  spectrum),  hydrogen,  vanadium,  calcium,  magnesium, 
sodium,  iron,  chromiiim,  titanium,  nickel,  manganese,  and  possibly  two  or  three  other  substances. 

4.  The  carbon  and  metallic  vapors  are  very  dense,  and  lie  immediately  above  the  photosphere. 

5.  Above  these  dense  vapors  of  the  reversing  layer  rise  other  vapors  or  gases,  represented  in  the 
spectra  by  bright  lines.     The  conditions  are  thus  similar  to  those  that  exist  on  the  Sun. 

(■).  The  bright  lines,  of  which  about  200  are  present,  seem  to  represent  unknown  gases,  since 
none  of  them  could  be  identified  with  certainty.  A  few  of  these  lines  may  perhaps  correspond  with 
bright  lines  in  the  spectra  of  Wolf-Rayet  stars. 

7.  The  great  strength  of  such  lines  as  X  4227  of  calcium,  and  the  fact  that  arc  and  flame  lines 
are  strong,  while  spark  lines  are  less  prominent  or  mi&sing,  suggests,  though  it  does  not  prove, 
that  the  temperature  of  the  reversing  layer  may  be  lower  than  in  the  case  of  the  Sun. 

8.  The  fact  that  many  lines  widened  in  Sun-spots  are  represented  by  strong  dark  lines  suggests 
that  spots  similar  to  those  on  the  Sun  may  be  numerous  on  fourth-type  stars. 

9.  In  the  spectrum  of  It)  Fisciinn  Hj  and  HB  are  present  as  dark  lines,  while  i?/3  is  absent. 
In  the  spectrum  of  280  Sclijcllcrup  and  in  some  of  the  other  stars  H^  appears  as  a  bright  line. 
Fourth-type  spectra  thus  resemble  spectra  of  the  Wolf-Rayet  type  in  showing  the  more  refrangible 
hydrogen  lines  dark  and  the  less  refrangible  ones  bright  or  absent. 

10.  The  bright  Hfi  line  in  the  spectrum  of  280  Schjcllcriiii  undergoes  variations  of 
intensity. 

II.  About  20  per  cent,  of  the  fourth-type  stars  are  variable.  The  tendency  to  variability, 
therefore,  seems  to  be  even  greater  than  in  the  case  of  stars  of  Secchi's  third  type. 

12.  The  condensation  of  fourth-type  stars  in  and  near  the  Milky  Way  is  very  marked. 

13.  Stars  of  the  third  and  fourth  types  resemble  each  other  in  color,  tendency  to  variability, 
spectra,  possible  presence  of  Sun-spots,  physical  condition,  and  probable  relationship  to  solar  stars. 
They  should  therefore  be  classed  together,  as  co-ordinate  branches  leading  back  to  stars  like  the  Sun. 

14.  Variations  in  the  relative  intensities  of  certain  titanium  lines  indicate  that  fourth-type  stars 
are  probably  very  widely  separated  from  Wolf-Rayet  stars  in  point  of  development. 

15.  Fourth-type  stars  probably  develop  from  stars  like  the  Sun  through  loss  of  heat  by  radiation. 
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B''i(i.  2.     Spectra  of  Fourth-Type  Stars  (Duner) 


Fig.  o.     Briuht  Lines  in  the  Spectrum  of  132  Sliuellkri  r 
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Fig.  1.     Red  End  of  the  Spectrum  of  152  Siiuelleuii- 
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Fig.  2.     Bright  Lines  in  the  Spectrum  of  152  Siiukllerit 
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Fig.  .3.     Bright  Lines  in  the  Spectrum  of  1.52  S(  iuellervp 
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Fig.  3.     Yellow  "Carbon"  Fluting 


Fig.  2.     Green  "Carbon"  Fluting 


SPECTRUM  OF  CARBON  ARC  COMPARED  WITH  SPECTRA  OF  THIRD  AND  FOURTH  TYPES 
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SPECTRA  OF  FOUETH-TYPE  STARS  (BLUE  REGION) 
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Fig.  2.     Green  and  Yellow  Region 
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Fig.  2.     Spectra  of  Second,  Third,  and  Fourth  Types 
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Fig.  3.    Titanium  Lines  in 
Stellar  Spectra 
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ASTRONOMICAL  rHOTOGRAPHY  WITH  THE  FORTY-INCH  REFRAC- 
TOR AND  THE  TWO-FOOT  REFLECTOR  OF  THE  YERKES 
OBSERVATORY 

G.    W.    Rl  TCHEY 

I.    PHOTOGRAPHY  WITH  THE  FORTY-INCH  REFRACTOR 

In  the  original  design  of  the  forty-inch  refractor  of  the  Yerkes  Observatory  no  provision  of  any 
kind  was  made  for  direct  photography.  The  objective  is  a  visual  one ;  there  is  no  photographic  cor- 
rector such  as  was  provided  for  the  great  Lick  refractor;  and  there  is  no  powerful  auxiliary  telescope 
for  guiding,  such  as  are  used  in  the  cases  of  the  "standard"  photographic  telescopes  and  of  the  very 
large  photographic  refractors  at  Potsdam  and  Meudon. 

By  the  use  of  a  method  perfected  by  the  writer  in  1900,  and  described  in  the  Asfrojiliijsical 
Jourmil  for  December  of  that  year,  the  forty-inch  visual  refractor  was  made  available  for  direct  pho- 
tography. The  jDhotographic  attachment  is  simple  and  inexpensive;  the  entire  apparatus  cost  less 
than  $100.  A  large  number  of  photographs  of  star-clusters  and  of  the  Moon  have  been  obtained, 
which  are  valuable  on  account  of  their  great  scale  and  fine  definition. 

The  results  described  in  the  above-mentioned  article  were  obtained  with  a  small  photographic 
attachment  which  allowed  a  field  only  three  inches  (about  fourteen  minutes  of  arc)  square  to  be  pho- 
tographed at  one  time.  A  similar,  but  larger  and  more  perfect,  attachment,  taking  8  X  10-inch  plates, 
has  since  been  constructed  from  my  designs,  for  use  with  the  great  refractor.  This  allows  a  field  of 
approximately  36X-15  minutes  of  arc  to  be  photographed  at  one  time,  and  of  course  includes  the 
entire  disk  of  the  Moon.  Many  of  the  photographs  described  in  the  present  article  have  been  made 
with  the  larger  apparatus. 

The  photographic  attachment  consists  of  a  double-slide  plate-carrier  for  guiding,  on  which  is 
supported  the  plate-holder  containing  a  yellow  color-screen  or  ray-filter  very  nearly  in  contact  with  a 
yellow-sensitive  (Cramer  instantaneous  isochromatic)  plate. 

The  yellow  screen  freely  transmits  to  the  sensitive  plate  the  sharp  and  intense  yellow  or  visual 
image  produced  by  the  visual  objective,  and  effectually  excludes  from  the  plate  the  blue  and  other 
wave-lengths  of  light  which  are  not  included  in  the  visual  image,  and  which  would  entirely  destroy 
the  sharpness  of  the  photographs.  Two  very  fine  8  X  10-inch  yellow  screens,  one  of  slightly  stronger 
tint  than  the  other,  were  obtained  after  some  experimenting.  Each  screen  consists  of  two  thin  plates 
of  glass,  ground  and  polished  approximately  flat ;  one  of  these  is  coated  with  a  film  of  collodion  of  a 
delicate  yellow  tint.  After  the  collodion  film  is  dry  it  is  flowed  with  Canada  balsam,  and  the  second 
thin  plate,  which  serves  as  a  cover-glass,  is  put  on.  The  two  plates  are  bound  together  with  adhesive 
tape.  The  screens  are  brilliantly  transparent.  When  in  use  one  of  the  screens  is  placed  in  the  jjlate- 
holder  directly  in  front  of  the  yellow-sensitive  plate.  Screen  and  plate  are  separated  onlj-  by  the 
thickness  of  the  binding  tape  around  the  edges  of  the  forme:-. 

The  double-slide  plate-carrier,  a  device  originally  suggested  by  Dr.  Common  and  described  by 
him  in  Monthly  Notices,  Vol.  XLIX,  p.  2'J7,  permits  very  perfect  guiding  or  following  to  be  done, 
without  the  necessity  of  an  auxiliary  or  guiding  telescope.  The  large  photographic  attachment  of  the 
forty-inch  refractor  is  illustrated  in  Plate  XII.  When  in  use,  the  apparatus  is  connected  by  four  bolts 
to  the  large  and  massive  ring,  well  shown  in  the  illustration,  to  which  all  of  the  various  attachments, 
spectroscopes,  etc.,  with  the  exception  of  the  micrometer,  are  in  turn  connected.  This  large  ring  can 
be  racked  in  and  out,  and  firmly  clamped  in  any  position,  thus  serving  for  focusing  the  various  attach- 
ments. When  the  four  connecting  bolts  are  loosened,  the  entire  attachment  can  be  rotated  in  position- 
angle.      Such  rotation  of  the  double-slide  plate-carrier  alone  can  be  accomplished  by  means  of  the  two 
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smaller  rings  (one  of  which  can  be  rotated  on  the  other)  whicii  directly  support  the  double-slide.  This 
rotation  is  convenient,  and  often  necessary,  in  finding  a  suitable  guiding  star.  The  double-slide 
arrangement, one  slide  being  at  right  angles  to  the  other,  is  sho^vn  fairly  well  in  the  illustration.  The 
two  screws  with  large  milled  heads,  by  which  the  slides  are  moved  in  guiding,  are  well  shown,  one  to 
the  right  of,  the  other  below,  the  rectangular  frame  or  box  which  carries  the  8  X  10-inch  plate-holder. 
The  plate-holder  is  not  shown. 

To  the  upper  side  of  the  rectangular  box  is  connected  the  small  eyepiece  by  means  of  which  the 
guiding  star  at  the  edge  of  the  field  being  photographed  is  watched.  A  small  diagonal  prism,  which 
can  be  seen  inside  of  the  rectangular  bos,  overhangs  the  edge  of  the  photographic  plate,  receives  the 
light  of  the  guiding  star,  and  reflects  it  at  right  angles  into  the  eyepiece.  By  this  arrangement  it  is 
almost  always  possible  to  use  a  guiding  star  whose  image  is  less  than  four  inches  distant  from  the 
center  of  the  field  being  photographed.  In  the  eyepiece  are  two  fine  cross-lines  of  spider-web,  which 
are  illuminated  by  faint  red  light  from  a  very  small  incandescent  lamp,  the  tubular  socket  for  which 
is  attached  to  the  side  of  the  eyepiece  tube.  To  assist  in  finding  a  suitable  guiding  star,  the  eyepiece 
and  its  accessories  are  mounted  on  a  slide  which  can  be  moved  to  any  desired  position  on  the  upper 
side  of  the  rectangular  box,  and  firmly  clamped  there.  The  star  which  is  to  be  used  in  guiding  is 
brought  to  the  intersection  of  the  cross-lines  in  the  eyepiece,  and  is  kept  there  throughout  the  expo- 
sure of  the  sensitive  plate,  sometimes  lasting  four  or  five  hours.  The  observer  sits  with  his  eye  at  the 
guiding  eyepiece  and  his  fingers  on  the  two  screws  which  move  the  slides,  and  thus  he  introduces  any 
minute  corrections  of  position  which  he  sees  are  necessary. 

The  guiding  eyepiece  gives  a  magnifying  power  of  about  one  thousand  diameters.  It  is  very 
seldom,  indeed,  that  a  star-image  appears  quiet  in  a  very  large  telescope  with  such  a  magnifying 
power  as  this.  Minute  irregularities  in  the  movement  of  the  telescope  in  right  ascension  arc  almost 
always  present,  and  render  necessary  continual  watching  and  guiding.  But  larger  and  more  trouble- 
some are  the  irregular  movements  of  the  image  which  are  due  to  the  disturbed  condition  of  the  atmos- 
phere. The  effects  of  this  lack  of  tranquillity  and  homogeneity  of  the  atmosphere  are  of  many  kinds. 
Sometimes  the  image  of  the  guiding  star  appears  nearly  quiet,  but  is  very  large  and  nt^bulous.  At 
other  times  the  star-image  is  a  small  brilliant  point,  but  is  dancing  about  so  rapidly  that  many  hun- 
dreds of  corrections  per  minute  would  be  necessary  in  order  to  follow  it.  After  months  of  practice 
with  the  guiding  apparatus  the  observer  is  able  to  introduce  between  one  hundred  and  two  hundred 
corrections  per  minute,  when  necessary.  The  work  becomes  almost  automatic,  but  is  extremely  trying 
to  the  eyes  when  the  tremors  of  the  guiding  star  are  rapid.  The  corrections  can  be  made  with  great 
accuracy  and  almost  instantaneously  with  the  double-slide  plate-carrier  —  with  an  effectiveness 
incomparably  superior  to  that  which  can  be  attained  by  any  other  means  now  known. 

The  question  arises  whether  the  irregular  movements  of  the  images  of  the  objects  being  ])hoto- 
graphed  corresjjond  exactly  with  those  of  the  image  of  the  guiding  star.  It  would  not  be  difficult  to 
devi.se  an  apparatus  by  means  of  which  the  images  of  two  or  more  stars  in  different  parts  of  the  field 
could  be  brought  into  apparent  superposition,  and  thus  this  question  could  be  answered.  This  has  not 
been  done,  but  the  sharpness  of  the  photographs  obtained  when  guiding  is  done  with  great  care  is  so 
superior  to  that  resulting  from  less  careful  guiding  that  the  conclusion  is  warranttnl  that  when  the 
image  of  the  guiding  star  is  kept  at  the  intersection  of  the  cross-wires,  the  images  of  tlic  objects  being 
photographed  are  kept  immovable  on  the  photographic  plate. 

I  have  described  the  double-slide  plate-carrier  and  its  use  somrwliat  in  ditail,  hccause  of  the 
very  great  importance  of  this  apparatus  in  long-exposure  photography,  eHjx'cially  with  large  telescopes. 
It  has  been  asserted  by  prominent  astronomers  that  such  difficult  objects  as  the  dense  star-clusters  and 
the  planets  could  never  be  satisfactorily  photographed,  because  the  very  powerful  telescopes  which  are 
necessary  to  show  these  objects  satisfactorily  are  so  large  and  heavy  that  tliey  cannot  be  moved  with 
the  delicacy  and  quickness  necessary  to  compensate  for  the  constant  irregular  tremors  always  visil)le 
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with  such  great  telescopes.  Experience  witli  the  forty-inch  refractor,  with  its  enormons  weight,  the 
largest  instrument  thus  far  siiccessfully  used  in  direct  photography,  shows  that  the  difficulty  is  com- 
pletely solved  by  the  use  of  the  double-slide  plate-carrier,  in  which  the  mass  to  be  moved  in  making 
the  necessary  corrections  is  two  or  three  pounds  instead  of  ten  or  twenty  tons.  It  is  safe  to  assert 
that  for  the  largest  telescopes  which  could  now  be  constructed,  refractors  or  reflectors,  the  problem  of 
efficient  guiding  during  long  exposures  in  direct  photography  is  satisfactorily  solved. 

The  photographs  of  star-clusters  and  the  Moon  obtained  with  the  forty-inch  refractor  and  its 
photographic  attachment  are  certainly  not  inferior  in  separation  or  resolution  to  those  obtained  with 
the  largest  and  best  telescopes  constructed  especially  for  photography.  In  the  best  photographs  of 
star-clusters  obtained  with  the  former  instrument  double  stars  of  1 "  distance  are  distinctly  separated 
and  measurable;  and  in  the  best  lunar  photographs  craters  one  second  of  arc  in  diameter  (correspond- 
ing to  a  little  more  than  one  mile)  are  shown  as  distinct  rings.  These  results  are  due  in  part  to  the 
great  size  and  focal  length  of  the  telescope,  and  in  part  to  the  effectiveness  of  the  yellow  screen  in 
transmitting  to  the  sensitive  plate  only  those  wave-lengths  of  light  for  which  the  color-curve  of  the 
objective  is  very  nearly  flat. 

Even  more  surprising  is  the  speed  of  the  color-screen  method.  Although  the  ratio  of  focal 
length  to  aperture  of  the  telescope  is  nearly  as  19  to  1,  fully  timed  photographs  of  the  Moon  are 
obtained  with  exposures  varying  from  one-fourth  of  a  second  to  one  second.  Stars  which  are  at  the 
visual  limit  of  the  instrument  (approximately  seventeenth  magnitude)  are  photographed  with  two 
hours'  exposure  when  atmospheric  conditions  are  good,  and  with  the  most  rapid  yellow-sensitive  plates. 
With  five  hours'  exposure  stars  fully  a  magnitude  fainter  are  photographed.  This  speed  is  possible, 
however,  only  after  the  observer  has  become  expert  in  the  use  of  the  guiding  apparatus,  so  that  he 
introduces  the  necessary  corrections  instantly  and  almost  automatically. 

While  this  speed  is  greatly  inferior  to  that  of  a  well-made  modern  reflecting  telescope  with 
silvered  glass  mirrors,  it  is  probable  that  the  forty-inch  visual  refractor  with  the  color-screen  and  the 
best  yellow-sensitive  plates  now  obtainable  is  nearly,  if  not  quite,  as  rapid  in  photographing  stars  and 
the  Moon  as  a  forty-inch  photographic  refractor  (one  with  its  objective  corrected  for  the  bhie,  or 
so-called  photographic,  rays)  would  be.  This  opinion  is  based,  in  part,  upon  a  comparison  of  photo- 
graphs obtained  with  the  largest  photographic  refractors  and  those  obtained  with  the  forty-inch  visual 
instrument.  The  yellow-screen  method  utilizes  the  rays  of  light  which  are  most  freely  transmitted  by 
a  large  objective ;  it  is  a  well-known  fact  that  while  only  a  small  percentage  of  the  yellow  rays  are  lost 
by  transmission  through  a  large  and  necessarily  thick  objective,  a  very  large  percentage  of  the  blue 
rays  are  thus  lost ;  this  is  undoubtedly  the  reason  why  a  yellow  screen  of  delicate  tint  is  sufiicient  to 
exclude  the  blue  light  from  the  photographic  plate  when  this  process  is  used  with  the  forty-inch 
refractor. 

The  color-screen  method  and  the  double-slide  plate-carrier  are  of  course  applicable  for  photog- 
raphy with  all  visual  refractors,  large  or  small,  which  are  provided  with  clock-work  for  driving.  By 
their  use  fainter  stars  can  readily  be  photographed  with  any  visual  refractor  than  can  be  seen  directly 
with  the  same  instrument.  In  the  work  with  the  forty-inch  refractor  this  is  particularly  noticeable  in 
such  cases  as  those  of  the  fainter  stars  in  the  globular  star-clusters.  Stars  which  can  be  detected 
visually  only  with  difficulty,  and  with  fine  atmospheric  conditions,  appear  strong  and  distinct  on  the 
negatives  obtained  with  moderately  good  atmospheric  conditions. 

In  photographing  the  Moon  at  the  focus  of  the  forty-inch  refractor  (without  amplification  or 
enlargement  of  the  image)  the  exposures  required  are  so  short  that  the  double-slide  plate-carrier  is 
dispensed  with,  and  a  simpler  apparatus  is  used  to  support  the  plate-holder.  This  apparatus  is  so 
arranged  that  an  exposing  shutter  mounted  in  suitable  guides  can  be  moved  across  by  hand,  in  front 
of  the  sensitive  plate,  in  making  the  exposures.  Diaphragms  with  apertures  of  various  shapes, 
depending  upon  the  phase  of  the  Moon,  are  attached  to  the  exposing  shutter,  and  serve  to  equalize 
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the  exposure  time,  the  lunar  terminator  requiring  a  much  longer  exposure  than  that  required  for  the 
bright  limb.  In  making  the  photographs  of  the  Moon,  the  instant  of  exposure  is  not  chosen  at  random. 
An  eye-piece  with  fine  cross-wires  is  arranged  in  a  tube  with  a  diagonal  prism  at  one  end.  This  tube 
rests  in  a  V-bearing,  so  that  it  can  be  instantly  withdrawn  without  danger  of  jarring  the  telescope.  The 
observer  watches  the  lunar  image  by  means  of  this  eyepiece  until  an  instant  occurs  when  the  definition 
is  good  and  the  image  appears  quiet  with  reference  to  the  cross- wires ;  he  then  instantly  withdraws 
the  eyepiece  tube  (since  this  would  overhang  the  photographic  plate)  and  at  the  same  time  gives  tlie 
signal  to  the  assistant  to  move  the  exposing  shutter  across.  I  am  indebted  to  Mr.  F.  L.  Sullivan  for 
able  assistance  in  this  and  all  other  direct  photographic  work  with  the  great  refractor. 

Plates  XIII  to  XXI,  which  accompany  this  article,  are  from  negatives  obtained  with  the  forty- 
inch  refractor  and  its  photographic  attachment.  The  photograph  of  the  lunar  crater  Tlicophilus  and 
its  surroundings  (Plate  XIII)  is  one  of  the  best  of  the  series,  for  it  was  made  when  atmospheric  condi- 
tions were  exceptionally  fine,  on  the  night  of  October  12,  I'.tUO.  Much  smaller  details  of  the  Moon's 
surface  are  shown  here  than  have  been  photographed  before.  The  ex[)osure  required  in  this  case  was 
less  than  one-half  of  a  second.  Tlteo2)hilus,  with  its  diameter  of  sixty-four  miles,  with  its  terraced 
wall  or  rampart  rising  three  miles  in  vertical  height  above  the  crater-floor,  with  its  great  group  of 
central  mountains,  and  the  enormous  ridges  and  ravines  of  its  outer  slopes,  is  in  many  respects  the 
most  magnificent  example  of  a  lunar  crater.  The  intricate  system  of  radiating  ridges  of  its  outer 
slopes  can  be  traced  in  the  photogra[)h  for  nearly  one  hundred  miles  from  the  crest  of  the  rampart. 
Innumerable  details  are  here  reproduced  with  a  minuteness  and  fidelity  which  are  possible  only  by 
means  of  photography. 

The  illustration  of  Mare  Serenitatis  and  Marc  Tranqiiililafls  (Plate  XIV)  was  obtained  on  the 
night  of  August  3,  1901,  with  an  exposure  of  one  second.  The  enlargement  in  this  case  is  not  nearly 
great  enough  to  show  the  finer  details  visible  in  the  negative,  but  was  decided  upon  in  order  to 
include  both  plains  on  one  plate.  The  surfaces  of  these  plains  are  crossed  by  numerous  ridges  or 
wrinkles,  large  and  small,  which  are  beautifully  shown  in  the  original  negatives,  and  on  glass  positives 
made  from  them,  but  which  are  diflicult  to  reproduce,  on  account  of  the  lack  of  sufiicient  contrast. 
The  great  serpentine  ridge  in  Mare  Serenitatis  and  the  remarkable  system  of  radiating  ridges  on 
Mare  Tranquilitatis  are  among  the  most  interesting  features  of  the  Moon's  surface. 

It  was  a  fortunate  coincidence,  in  the  case  of  Tlieophilus,  that  exceptionally  fine  atmospheric 
conditions  occurred  when  the  crater  was  in  the  best  position  with  reference  to  the  terminator.  No 
f)pportunity  has  occurred  for  photographing  Copernicus  under  extremely  fine  conditions,  although  on 
account  of  the  prominence  of  this  superb  object  such  an  opportunity  has  been  carefully  watched  for. 
The  photograph  of  Copernicus  shown  in  Plate  XV  is  from  a  negative  obtained  on  the  night  of 
November  20,  1901,  with  fairly  good  atmospheric  conditions,  and  with  an  exposure  of  one-half  of  a 
second.  While  Copernicus  is  neither  so  large  nor  so  deep  as  Theophilus,  the  system  of  radiating 
ridges  and  deep  gullies  constituting  the  outer  slopes  of  the  former  is  probably  the  most  rugged 
and  magnificent  to  be  found  on  the  Moon.  The  well-known  rows  of  small  craters  at  the  west  of 
Copernicus,  as  well  as  the  much  smaller  rows  to  the  south  and  northeast  of  the  crater,  ai'c  well  shown 
in  the  photograph. 

The  illu.stration  of  Mare  Nuhinni  and  IliiHialdus  (Plate  XVI)  is  from  the  same  large  negative  as 
that  of  Copernicus.  The  photograj)h  shows  well  the  remarkable  details  of  the  surface  of  this  great 
plain  — details  strikingly  different  in  character  from  those  of  Mare  Sci-enilafis  and  Mare  Tranquilitatis. 
The  region  of  BuUialdus  is  in  such  a  condition  of  illumination  that  it  is  particularly  well  seen.  In 
the  original  negative  the  details  of  the  outer  slopes  of  Bulliahhis  are  shown  with  remarkable  sharj)- 
ness;  some  idea  of  this  can  be  gained  from  the  half-tone  illustration. 

The  photograph  of  Clarius  and  the  surrounding  region  (Plate  XVII)  is  also  from  the  same  nega- 
tive as  that  of  Copernicus.      At  the  tinif  when  this  j)hotograph  was  taken  tlie  coiulitioiis  of   lihrntion 
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and  of  illuuiiuatioii  were  iiiiiisually  favorable  for  this  region  of  the  Moon's  surface.  Clarius,  with  its 
numeroiis  included  craters  and  other  details;  Lonijomontanus  and  Wilhclm,  in  which  the  details  of 
the  ramparts  and  of  the  crater-floors  are  vinusually  well  shown;  the  extremely  rough  country  north 
of  WiJhcJm;  and  the  "  metropolitan"  crater  Tijclio  conspicuous  for  its  enormous  depth,  are  among 
the  most  remarkable  objects  of  this  region. 

The  photograph  of  the  great  system  of  bright  rays  about  Tyclio  (Plate  XVIII)  is  from  a  nega- 
tive obtained  March  31,  1901.  While  the  negative  is  not  so  extremely  sharp  as  some  others,  a  much 
greater  enlargement  than  was  possible  here  would  be  necessary  to  show  well  the  astonishing  richness 
of  detail  in  this  system  of  bright  rays  which  is  present  in  the  original  negative.  The  exposure  time 
in  this  case  was  one-fourth  of  a  second. 

The  half-tone  process  of  reproduction  is  especially  disappointing  in  the  case  of  the  star-clusters. 
Not  only  are  hundreds  of  the  fainter  stars  entirely  lost,  but  the  groups  of  bright  stars  which  are 
sharply  separated  in  the  original  negatives  appear  only  as  white  patches  in  the  half-tone  illustrations. 
The  writer  expects  to  include,  with  the  copies  of  this  paper  which  are  sent  to  observatories  and  indi- 
viduals especially  interested  in  astronomical  photography,  large  prints,  on  photographic  paf)er,  of  the 
subjects  which  have  suffered  most  in  reproduction  by  the  half-tone  process.  The  expense  of  these 
photographic  prints  has  been  met  by  a  generous  friend  who  is  interested  in  the  work. 

The  illustration  of  the  Great  Cluster  in  Hercules,  Messier  13  (Plate  XIX),  is  from  a  negative 
obtained  on  the  night  of  April  25, 1901,  with  the  large  photographic  attachment  and  with  an  exposure 
of  three  hours.  In  the  original  negative  the  center  of  the  cluster  is  well  resolved.  Lines  and  groups 
of  stars  of  between  the  sixteenth  and  seventeenth  magnitudes,  and  with  distances  down  to  1",  are  well 
shown  and  distinctly  separated.  More  than  three  thousand  stars  are  shown  on  the  negative,  many  of 
which  are  so  faint  that  they  are  beyond  the  visual  limit  of  the  great  telescope. 

Smaller,  but  richer  and  more  condensed,  than  3fessier  13  is  that  superb  cluster  Messier  15 
Pegasi  (Plate  XX),  although  the  effect  of  richness  and  condensation  is  to  a  large  extent  lost  in  the 
illustration,  on  account  of  the  great  scale  and  the  loss  of  the  fainter  stars.  The  sharpest  negative  of 
this  object  was  obtained  on  the  night  of  October  3,  1900,  with  an  exposure  of  three  hours.  On 
account  of  exceptionally  fine  atmospheric  conditions  during  nearly  one  hour  of  this  exposure,  this  is 
one  of  the  best  of  the  star-cluster  photographs.  A  comparison  of  this  photograph  with  others  of  the 
same  object  which  have  been  published  will  demonstrate  the  advantages  of  telescopes  of  great  focal 
length,  and  of  an  efficient  guiding  mechanism,  in  the  photography  of  these  difficult  objects. 

Two  or  more  very  sharp  negatives  of  each  of  the  dense  globular  clusters  Messier  2  Aqiiarii, 
Messier  S  Canum  Veiudicoruw,  and  Messier  5  Librae,  as  well  as  of  some  of  the  larger  and  more  open 
clusters,  have  also  been  obtained.  It  is  believed  that  on  account  of  the  great  scale  and  excellent  defi- 
nition of  these  photographs  they  will  prove  extremely  valuable  for  comparison  with  photographs 
obtained  several  years  later,  in  the  search  for  change  and  rotation  in  these  clusters. 

The  photograph  of  the  central  parts  of  the  great  nebula  in  Orion  (Plate  XXI)  was  obtained  with 
the  forty-inch  refractor  with  an  exposure  of  three  hours,  January  20,  1901.  The  night  was  extremely 
transparent,  but  atmospheric  conditions  were  not  fine  in  other  respects,  so  that  the  star-images  apjiear 
large.  The  yellow-screen  process  is  not  well  adapted  for  the  photography  of  nebulse,  since  the  light 
of  these  objects  consists  almost  exclusively  of  green  and  blue  rays.  The  blue  rays  are  entirely  excluded 
by  the  yellow  screen,  and  the  green  rays,  which  are  imperfectly  transmitted  (and  by  which  the  nebula 
is  photographed)  are  not  brought  to  a  focus  in  the  same  plane  in  which  the  star-images  are  in  best 
focus.  But  similar  difficulties  in  regard  to  focus  are  encountered  even  with  the  best  photographic 
refractors. 

It  is  only  with  the  reflecting  telescope  that  the  intolerable  difficulties  due  to  imperfect 
achromatism  are  entirely  absent.  In  the  present  case  the  focal  setting  used  was  that  which  is  best  for 
the  stars ;  consequently  the  details  of  the  nebula  are  slightly  out  of  focus.    The  photograph  is  introduced 
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in  order  to  call  attention  to  the  difficulties  just  described,  and  also  because,  on  accoiint  of  the  great 
scale,  the  details  of  the  central  parts  of  this  c-elebrated  nebula  are  shown  better  thau  in  any  other 
photographs  of  this  object  with  which  the  writer  is  acquainted. 

II.    PHOTOGRAPHY  WITH  THE  TWO  FOOT  REFLECTOR 

The  two-foot  reflector  of  this  observatory  (Plate  XXII)  was  described  somewhat  at  length  in 
my  article  in  the  Astrophysical  Journal  for  November,  1901;  a  detailed  description  of  the  instrument 
is  therefore  not  necessary  here;  the  following  statements  may,  however,  be  made  in  regard  to  it: 

The  large  mirror  has  a  clear  aperture  of  23i  inches  and  a  focal  length  of  93  inches.  The 
instrument  is  used  as  a  Newtonian  for  direct  photography,  and  also  as  a  Cassegrain  for  direct  photog- 
raphy and  spectroscopic  work;  the  convex  Cassegrain  mirror  is  5  inches  in  diameter  and  gives  an 
equivalent  focal  length  of  38  feet ;  as  there  is  no  central  hole  through  the  large  mirror,  three  reflec- 
tions are  necessary  when  the  convex  mirror  is  used.  The  mounting  is  massive  and  rigid.  The  tube 
consists  of  a  skeleton  framework  of  steel  tubes  and  cast-aluminum  rings.  The  driving-clock  and 
clock -connections  are  imusually  large  and  strong.  A  small  double-slide  plate-carrier  which  allows  a 
tield  three  inches  square  to  be  photographed,  is  used  for  guiding  in  direct  [)hotograpliy  at  eitlier  the 
primary  or  secondary  focus.  All  of  the  mechanical  parts  of  the  instrument  were  made  in  tlic  instru- 
ment shop  of  the  observatory ;  the  optical  parts  were  made  by  the  writer. 

Special  attention  was  given  to  the  perfection  of  the  optical  parts;  to  the  stability  of  the  mirror 
supports  and  the  rigidity  of  the  skeleton  tube,  in  order  that  the  adjustment  or  coUimation  of  the  optical 
parts  might  remain  perfect  during  long  exposures ;  and  to  the  refinement  of  the  driving  mechanism 
and  the  guiding  apparatus.  In  nearly  all  resjaects  the  same  degree  of  care  and  refinement  was  used 
in  the  making  of  this  instrument  as  is  given  in  the  case  of  the  best  modern  refractore. 

The  jjerformance  of  the  instrument  in  direct  photography  at  the  primary  focus  is  highly  satis- 
factory. As  stated  in  my  previous  article,  "the  combination  of  (1)  stability  of  position  of  the  mirrors, 
(2)  rigidity  of  skeleton  tube,  (3)  smoothness  of  clock-driving,  and  (i)  accuracy  of  guiding  made  pos- 
sible by  the  use  of  the  double-slide  plate-carrier,  is  so  effective  that  when  atmospheric  conditions  are 
g(X)d  the  image  of  a  guiding  star  in  the  eyepiece  does  not  wander  so  much  as  one  one-hundreth  of  a 
millimeter  during  an  exposure  of  three  or  four  hours.  The  accuracy  with  which  the  star-images  are 
kept  immovable  on  the  photographic  plate  is  nearly  as  great,  as  is  shown  by  the  photographs.  In  the 
best  negative  with  four  hours'  exposure  the  images  of  the  smaller  stars  near  the  center  of  the  field  are 
about  2'  in  diameter.  Double  stars  of  2^5  distance  are  sharply  separated,  and  those  of  2"  distance, 
corresponding  to  about  0.02  mm.  on  the  photographic  plate,  are  measurable." 

'•No  greater  mistake  could  be  made  than  to  suppose  that  the  finest  atmospheric  conditions  are 
unnecessary  to  secure  the  best  results  in  photographing  the  nebuliB.  With  sucli  conditions  the  photo- 
graphs show  that  these  objects  are  not  diffused  liazy  masses,  but  that  their  structure  is  generally  most 
complicated,  often  consisting  of  exquisitely  fiiuf  filaments  and  delicate  narrow  rifts.  In  these  photo- 
graphs the  intersections  of  such  filaments  and  rifts  can  be  set  upon,  in  the  measuring  machine,  with 
almost  the  same  degree  of  accuracy  that  is  possible  in  the  case  of  star-image.s.  Changes  of  form  in 
the  nt^buhe,  if  such  occur,  could  be  detected  with  certainty  by  means  of  such  ph(jtographs." 

A  large  refracting  telescope,  whether  visual  or  photographic,  is  not  an  efficient  and  economical 
instrument  for  photography,  either  direct  or  with  the  spectroscope,  when  compared  with  a  modern 
reflector.  The  two-foot  reflector,  with  its  focal  length  of  ninety-three  inches  and  with  its  ai)erture 
reduced  to  fifteen  inches,  photographs  seventeenth-magnitude  stars  with  two  hours'  exposure.  This 
speed  is  equal  to  that  of  the  forty-inch  refractor  with  the  color-screen,  with  the  finest  atmospheric 
conditions,  i.  c,  when  the  guiding  star  appears  in  the  eye|)iece  as  an  extremely  small  point,  and  when 
irregular  movements  of  the  guiding  star  are  so  slow  and  so  small  that  they  can  Ik-  readily  followed. 
It  is  probable  that  this  S[)eed  is  nearly,  if  not  quite,  e(|iiid  to  thai  of  llie    liirgist    ]]liotograii]ii('  rcfrac- 
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tors  ill  use.  When  the  full  aperture  is  used,  the  two-foot  reflector  photographs  seventeenth-magnitude 
stars  with  forty  minutes'  exposure. 

That  the  great  difference  in  speed  between  refractors  and  reflectors  in  photographing  stars  is  not 
due  largely  to  difference  of  angular  aperture  is  amply  proved  by  the  few  results  which  have  been 
obtained  with  the  two-foot  reflector  when  used  as  a  Cassegrain,  ?'.  c,  with  the  addition  of  the  convex 
mirror,  which  gives  an  equivalent  focal  length  of  thirty-eight  feet.  Photographs  made  for  comparison 
when  atmospheric  condifioiis  are  good  (so  that  star-images  appear  as  very  small  points  even  at  the 
secondary  focus),  show  that  with  this  great  equivalent  focal  length  stars  are  photographed  very  nearly 
as  rapidly  as  at  the  primary  focus;  the  difference  in  speed  is  so  slight  that  it  is  readily  accounted  for 
by  the  assumption  that  about  10  per  cent,  of  the  light  is  lost  by  the  additional  reflection  at  the  convex 
mirror.  I  am  aware  that  this  result  is  apparently  at  variance  with  theories  in  regard  to  the  effect  of 
focal  length  (when  the  aperture  remains  constant)  upon  the  size  and  intensity  of  the  diffraction 
disks  of  star-images,  and  consequently  upon  the  speed  with  which  such  images  are  photographed. 

The  great  superiority  of  the  reflecting  telescope  in  photography  is  unquestionably  due,  pri- 
marily, to  its  perfect  achromatism.  The  importance  of  this  has  of  course  been  recognized  for  many 
years,  but  I  think  that  the  degree  of  the  importance,  in  phoiography,  of  perfect  achromatism  has  not 
been  appreciated  —  that  the  effect  of  this  achromatism  in  giving  great  speed  as  well  as  great  sharpness 
has  not  been  fully  recognized.  Hardly  less  important  is  the  fact  that  in  the  case  of  large  instruments 
much  less  light  is  lost,  of  the  wave-lengths  which  are  most  effective  in  photography,  by  absorption  at 
the  silver  surfaces  of  a  reflector  than  by  absorption  and  reflection  in  an  objective. 

In  the  case  of  the  refractor  the  difficulties  due  to  imperfect  achromatism,  as  well  as  the  per- 
centage of  light  lost  in  transmission,  increase  rapidly  with  increase  of  size  of  the  objective.  In  the 
case  of  the  reflector,  however,  a  large  instrument  is  as  perfectly  achromatic  as  a  small  one,  and  the 
percentage  of  light  lost  does  not  increase  with  increase  of  aperture.  But  the  reflecting  telescope  has 
not  been  developed  to  the  state  of  refinement  which  has  been  attained  in  the  case  of  the  refractor. 
This  is  probably  due,  to  a  large  extent,  to  the  fact  that  the  difficulties  and  peculiarities  of  the  reflector 
have  not  been  thoroughly  understood;  at  any  rate,  it  is  certain  that  these  difSculties  have  not,  in  the 
past,  been  successfully  met.  It  is  almost  superfluous  to  state  that  the  great  reflectors  of  the  past, 
without  exception,  have  been  in  many  respects  extremely  crude  instruments;  in  all  cases  without  the 
great  rigidity  and  stability  of  construction  which  are  absolutely  essential  to  the  successful  performance 
of  a  reflector ;  and  in  all  cases  without  the  refinement  of  workmanship,  in  both  optical  and  mechanical 
parts,  which  are  attained  in  the  great  modern  refractors.  In  saying  this  I  certainly  intend  no  criticism 
of  the  able  and  skilful  men  who  have  been  the  pioneers  in  the  development  of  the  reflecting  telescope, 
and  who  have  contributed  so  much  to  both  the  methods  and  the  results  of  astronomical  observation. 

It  is  safe  to  assert  that  the  peculiar  difiiculties  of  the  reflecting  telescope  are  now  thoroughly 
understood,  and  that  all  difficulties  which  relate  to  its  mechanical  and  optical  construction  have  been 
successfully  solved. 

As  a  result  of  the  improvements  and  developments  in  glass-making,  in  optical  work,  and  in  the 
methods  and  materials  of  modern  mechanical  construction ;  and  as  a  result,  no  less,  of  the  experience 
of  those  who  have  both  made  reflecting  telescopes  of  moderate  size  and  used  them  successfully  in 
astronomical  photography,  there  can  be  no  doubt  whatever  that  a  great  reflecting  telescope  of  five  or 
eight  feet  aperture  could  now  be  constructed  with  all  of  the  refinement  of  the  two-foot  reflector  or 
the  forty-inch  refractor. 

The  speed  of  the  reflector  in  the  photography  of  nebulae  is  of  course  due  largely  to  its  great 
angular  aperture.  All  of  the  reflector  photographs  which  accompany  this  article,  with  the  exception 
of  that  of  Messier  51,  were  made  with  the  aperture  of  the  23i-inch  mirror  reduced  to  18  inches,  in 
order  that  good  definition  might  be  secured  over  a  larger  field  than  is  well  covered  when  the  full 
aperture  is  used.     The  ratio  of  focal  length  to  aperture  was  therefore  as  5  J  to  1.     These  photographs 
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show  what  can  be  done  with  a  reflecting  telescope  of  very  moderate  size  (aperture  Is  inches,  focal 
length  93  inches)  when  sutficient  care  is  given  to  the  perfection  of  the  mirrors  and  niountiiii,',  and 
when  an  effective  method  of  guiding  is  employed. 

The  photograph  of  the  great  nebula  in  Orion  (Plate  XXIII)  was  obtained  with  an  exposure  of  one 
hour.  Even  with  this  short  esfxjsure  faint  extensions  of  the  nebula  and  a  great  amount  of  delicate 
structure  in  the  moderately  bright  parts  are  shown,  which  cannot  be  detected  visually  with  either  the 
two-foot  reflector  or  the  40-inch  refractor.  A  comparison  of  this  photograph  with  that  of  the  central 
part  of  the  same  nebula  obtained  with  the  forty-inch  refractor  (Plate  XXI),  and  also  with  other  pub- 
lished photographs  of  this  object  obtained  with  photographic  refractors,  gives  some  idea  of  the  great 
efficiency  of  a  well-made  modern  reflector  of  large  angular  aperture  in  such  work. 

The  photograph  of  the  great  nebula  in  Andromeda  (Plate  XXIV)  was  obtained  with  an  exposure 
of  four  hours,  although  one  hour's  exposure,  or  less,  is  sufficient  to  show  the  general  characteristics  of 
the  object  well.  This  is  one  of  the  most  magnificent  examples  of  a  spiral  nebula  to  be  found  in  the 
heavens,  yet  its  spiral  character  was  never  susjiected  from  visual  observations.  In  the  original  nega- 
tive the  spiral  structure  is  visible  almost  to  the  center  of  the  nebula,  and  the  stellar  nucleus  is 
distinctly  seen.  Sharply  defined  narrow  rifts  and  dark  holes  near  the  center  are  shown  on  all  of  the 
negatives  of  this  object;  no  trace  of  these  can  be  detected  visually  with  any  telescope. 

The  photograph  of  the  spiral  nebula  Messier  33  Tridnytili  (Plate  XXY)  was  obtained  with  an 
exposure  of  four  hours.  This  nebula  is  very  large  and  very  faint ;  the  spiral  character  of  its  central 
parts  was  discovered  by  Lord  Rosse;  by  far  the  greater  part  of  the  complicated  structure  shown  in  the 
photograph  is  too  faint  to  be  detected  visually.  While  differing  greatly  in  general  appearance  from 
the  great  Andromeda  nebula,  Messier  33  resembles  the  latter  in  several  striking  characteristics;  in 
the  presence  of  dark  rifts  and  holes  in  and  near  the  bright  central  parts,  and  in  the  tendency  of  its 
outer  branches  to  break  up  into  stars.  The  central  parts  of  this  object  appear  decidedly  nebulous; 
the  outer  parts  consist  of  very  faint  nebulosity  and  of  numerous  curved  streams  or  wisps  of  nebuloiis 
stars;  hundreds  of  these  star-like  condensations  are  so  distinctly  shown  on  the  original  negative  that 
they  may  be  well  seen  even  in  the  half-tone  reproduction.  There  can  be  no  doubt  of  the  ])liysical 
connection  between  the  nebulosity  and  the  streams  of  minute  stars;  this  object  thi-refore  ntrorils  wliat 
is  apparently  a  most  striking  example  of  a  si)iral  nebula  condensing  into  stars. 

The  illustration  of  the  nebulosities  in  the  Pleiades  (Plate  XXVI)  is  from  a  negative  obtained 
with  an  exposure  of  three  and  one-half  hours.  This  photograph  is  extremely  difficult  to  reproduce 
properly,  on  account  of  the  great  difference  in  brightness  between  the  bright  stars  and  the  faint 
masses  of  nebulosity.  Some  idea  of  the  intricate  filamentous  structure  of  these  masses  may  be  gained 
from  the  half-tone  plate.  In  the  original  negative,  from  which  I  hope  a  more  satisfactory  reproduc- 
tion may  yet  be  secured,  the  entire  field,  nearly  two  degrees  square,  is  covered  with  a  network  of  fila- 
ments, of  which  those  in  the  southwest  part  of  the  pliofograph,  and  apparently  connected  willi  tlic 
great  cur\'ed  mass  of  streamers  about  Merope,  are  the  most  cons])icuous.  Only  tlie  brighter  tilanicnts 
of  this  vast  network  are  shown  in  the  reproduction. 

The  photograph  of  the  nebula  X.  G.  C.  (i'JtJO  (Plate  XXVII)  was  obtained  with  an  exfjosure  of 
four  hours,  and  that  of  N.  G.  C.  f)'.t;<2  (Plato  XXVIII)  with  an  exposure  of  three  hours.  These  nebulro 
are  the  most  remarkable  examples  of  filamentous  nebuUe  which  I  have  photographed.  They  lie  near 
together  in  the  Milky  Way  in  the  constellation  of  C'ljgnus;  they  are  apparently  only  the  briglitcst  parts 
of  one  great  nebula,  as  extremely  faint  nebulous  masses  can  be  seen  in  the  negatives,  extending  from 
one  to  the  other.  The  nebula  N.  G.  C.  0960  apparently  lies  exactly  on  the  Vjoundary  between  the  dense 
region  of  stars  to  the  east  (the  right-hand  side  in  the  illustration)  and  the  region  to  the  west  which  is 
comparatively  void  of  stars.  Instances  of  this  kind  occur  again  and  again,  and  strongly  suggest  some 
intimate  physical  connection  between  such  nebuheand  the  dense  masses  of  stars  in  their  neigliliorliood. 
These  photographs  afford  striking  illustrations  of  the  wonderful  richness  and  complexity  of  sinictnre 
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of  the  nebula',  and  of  the  importance  of  photography  in  the  study  of  these  very  faint  objects.  When 
it  is  remembered  that  these  photographs,  showing  such  delicacy  of  detail,  are  obtained  with  a  reflecting 
telescope  of  only  eighteen  inches  aperture  and  ninety-three  inches  focal  length,  we  can  gain  some  idea 
of  the  results  which  might  be  obtained  in  the  photographic  study  of  the  nebulffi  with  a  thoroughly  well- 
made  reflecting  telescope  which  would  be  comparable  in  size,  cost,  and  refinement  of  workmanship 
with  the  great  modern  refractors. 

The  photograph  of  Messier  51  (Plate  XXIX)  was  obtained  with  an  exposure  of  six  hours  and  with 
an  aperture  of  22  inches.  With  this  long  exposure  and  large  angular  aperture  a  very  intense  negative 
was  obtained,  which  shows  much  exterior  nebulosity ;  the  latter  is  so  faint,  however,  that  it  is  almost 
entirely  lost  in  the  half-tone  reproduction.  Perhaps  the  most  remarkable  part  of  the  very  faint  outer 
nebulosity  is  a  great  curved  mass  which  forms  a  continuation  of  the  conspicuous  branch  of  the  nebula 
to  the  extreme  south ;  this  continues  toward  the  east,  curves  toward  the  north,  and  then  toward  the 
northwest,  and  joins  the  parts  of  the  nebula  to  the  north.  The  reproduction  shows  well  the  details  of 
the  two  bright  main  branches  of  the  spiral,  and  also  the  faint  wisps  and  filaments  between  them ;  the 
latter  are  far  beyond  the  reach  of  all  telescopes  visually.  The  faintest  stars  shown  on  the  original 
negative  are  about  two  magnitudes  fainter  than  those  which  are  at  the  visual  limit  of  the  forty-inch 
refractor. 

I  am  indebted  to  Mr.  F.  G.  Pease  for  able  assistance  in  securing  the  reflector  photographs,  and 
in  preparing  all  of  the  photographic  enlargements  for  the  engraver's  use.  Great  credit  is  due  to  the 
Binner- Wells  Co.,  engravers,  for  the  unusual  care  and  skill  with  which  the  photographs  have  been 
reproduced. 
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Plate  XII 


Large  DorBLE-SLiDE  Plate-Carrier  Attached  to  Forty-Inch  Refractor 


Decennial  Publications,  VIII 


Plate  XHT 


Lunar  Crater  Theopiiilis  and  Surroundings 


Scale:  1.29  Meters  to  Moon's  Diameter 


Decennial  Publicatioxs.  VIIT 


PLATIi    XTY 


Mark  Skkexitatjs.  Mare  Trasiji  iLiTAris.  and  Surroundings 

SfALE:  0.62  Meter  tci  Moiin's  Diameter 
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Plate  XV 


Lunar  Crater  Copekxicis  and  Sdrroundings 


Scale:  L02  Meters  to  Moou's  Diameter 
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Plate  XVI 


Make  Nubum.   Billialdus,   etc. 


Scale:    0."9  Meter  to  Moon's  Diameter 
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Plate  XVII 


Lunar  Craters  Claiiis.  Lum^hmomamh.    Tyiiih.  etc. 


Scale:    0.79  Mpter  ti)  Moon's  Diameter 
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Plate  XIX 


Star-Cluster  Messier  13  Hekcvlis 


Scale:    !■""•  =  i^gg 
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Plate  XX 
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Star-Cluster  Messier  15  Pbiv.j 


Scale:    1"""  =  3:2: 
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Plate  XXI 


Central  Part  of  Great  Nebula  in  Orkix 


Scale:   1"'i"=4  ' 
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Plate  XXII 


Two-Foot  Reflecting  Telescope  of  the  Yerkes  Observatory 
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Plate  XXIV 


Scale:    1"""  =  27."5 


Great  Xebkla  in  Amihomkua 


September  IS,  IHUl 
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Plate  XXV 


Scale:   1"""  =  15.' 


Spiral  Nebula  3Iessieh  33  Triaxgcu 


September  4  aud  d,  1902 
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Plate  XX VT 


Nebulosity  in  the  Pleiades 


Scale:    1"""  =  2i: 


October  19,  wni 
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Plate  XXVII 
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Kurt   Laves 
INTRODUCTION.     THE  MINOR  PLANETS   OF  THE  HILDA  TYPE 
Of  the  four  priucipal  types  of  characteristic  planets  those  of  the  Hestia  (/u.=:^)  and  Hecuba 
f/j,  =  -  j   types  have  led  to  frequent  and  elaborate  investigations.     The  planets  of  the  Hilda  (/^  =qj 

and  Thulc  (/"•  =1)  types  have  so  far  attracted  very  little  attention.     This  is  due,  first,  to  the  paucity 

of  the  number  of  planets  of  these  two  groups,  and,  secondly,  to  the  close  proximity  of  the  perturbing 
planet  Jupiter,  which  renders  the  development  of  the  perturbative  function  laborious  and  difficult. 
The  methods  best  adapted  for  the  planets  of  the  Hilda  and  Thule  types  will  most  likely  be  that  of 
Gyld^n  and  the  periodic  solution  method  of  Poincar^.  The  planets  of  the  Hilda  type  are  four  in 
number:  (J 53),  [190),  (334),  and  (361).     The  characteristic  elements  of  these  planets  are:' 


053) 

(190) 

(334) 

(361) 

452:197 

9°  44  .'5 

7°  52  .'7 

4.52  f  998 
9°  19  .'8 
6°  6. '7 

459:742 
0°  50:4 

4°  38 .'1 

450 '.396 

<p 

11°  32:9 

12°  37:0 

The  planets  of  the  Hilda  and  Thule  types  are  in  peculiar  contrast  to  the  gaps  (lacunes)  which 

occur  in  the  regions  of  commensurability  of  the  planets  of  the  Hestia  and  Hecuba  types.     Tisserand, 

Gyld^n,  Poincar6,  and  Callandreau  have  shown  that  the  absence  of  planets  in  these  regions  cannot  be 

explained  by  an  action  of  Jupiter  on  these  planets.      Indeed,  the  orbits  of  j^lanets  which  pass  through 

values  of  the  mean  daily  motion  which  are  commensurable  to  that  of  Jupiter  continue  to  be  stable. 

In  the  twenty-fifth  chapter  of  the  fourth  volume  of  his  M^canique  celeste  Tisserand  has  investigated 

whether  or  not  there  are  any  planets  in  these  two  realms,  where  Jupiter  will  bring  about  a  librational 

effect.    Of  the  Hestia  type  the  planet  {132)  is  the  only  one  where  libration  is  likely  to  occur.    Tisserand 

points  to  the  three  planets  {332),  {381),  and  {325)  of  the  Hecuba  type  which  in  the  future,  when  their 

elements  will  be  known  with  greater  accuracy,  may  prove  to  be  "librational"  planets.     In  the  table 

which  Tisserand  has  given  on  p.  419  the  planet  {132)  is  stated  to  have  a  mean  daily  motion  of  888 '8, 

which  is  incorrect  and  should  read  904  f    Planet  {332)  is  erroneously  piit  in  the  Hecuba  group,  since  it 

2 
really  is  a  planet  of  the  type  ^ .     Allowing  for  these  changes  and  employing  the  elements  as  they  appear 

in  Professor  Bauschinger's  up-to-date  table,  there  are  left,  then,  three  ambiguous  planets,  namely, 
{132),  {381),  and  {325).  Planet  {132)  has  unfortunately  not  been  observed  since  its  first  discovery  by 
Watson  in  1873 ;  therefore  very  little  weight  can  be  placed  upon  the  accuracy  of  its  elements.  As 
will  be  shown,  it  is  the  only  planet  of  the  two  types  where  Tisserand's  criterion  will  bring  out  a 
librational  effect.  The  planets  {381)  and  {325),  discovered  in  1894  and  1892  respectively,  have  been 
observed  in  five  and  four  oppositions  respectively.  Their  elements  may  therefore  now  be  considered  to 
be  trustworthy,  at  least  as  far  as  is  necessary  for  the  accuracy  required  by  Tisserand's  criterion.  Neither 
one  of  them  shows  any  libration  whatever.  We  have,  therefore,  as  yet  to  find  a  "librational"  planet 
belonging  to  either  group.  Extending  Tisserand's  investigations  to  the  planets  of  the  Hilda  and 
Thule  types,  we  encounter  at  once   planets  of  a  very  marked  librational  character.      Tisserand,  in 

I  See  J.  Bauschinger,  TaheUen  zur  Geschichte  und  Slatistik  der  kleinen  Planeten,  Tabelle  II,  "  VerflflentlichiingeQ  des  kgl.  astrono- 
mischen  Eechcninstituts  zu  Berlin,"  No.  16. 

401 


The  Orbit  of  the  Minor  Planet  (3:54) 


deriving  his  criterion,  has  taken  into  account  but  one  term  of  the  periurbative  function;  he  has 
integrated  the  differential  equation  for  0  [equation  (1)  on  p.  421  of  Vol.  IV]  as  if  /*  were  a  constant, 
which  it  is  not ;  and  lastly  he  has  considered  the  Keplerian  ellipse  as  a  sufficient  first  approximation 
for  the  elements.  The  failure  to  find  librational  planets  might  therefore  be  considered  from  the 
standpoint  of  the  mathematician  as  an  indication  that  the  method  is  at  fault  and  that  instability  of 
the  orbits  will  really  take  place.  Such  an  argument  is  contradicted  by  the  existence  of  librational 
planets  of  very  marked  degree,  and  that  in  the  closest  proximity  to  the  perturbing  planet.  The 
attempt  has  been  made  to  improve  Tisserand's  method  in  this  respect  that  not  only  one  of  the 
characteristic  perturbative  terms  is  taken  into  account,  but  two.  Considering  the  average  magnitude 
of  the  eccentricity  of  the  orbits  involved,  it  seemed  necessary  not  to  neglect  the  term  which  carries  the 
square  of  the  eccentricity.  It  was  found  that  the  numerical  results  thus  obtained  are  very  little 
different  from  those  obtained  by  Tisserand's  original  proceeding,  but  that  it  is  considerably  more 
laborious  to  obtain  them.  In  what  follows  the  results  are  given  for  the  planets  of  the  four  groups, 
using  Tisserand's  criterion  without  change. 

I.    the  hestia  type 
Libration  takes  place  if  the  following  inequality  is  fulfilled: 

(n,  - 3n')'  <  2'n-  -^  ^  sm'  -^  ^216'"  +  10a  -^  +  »' -^^j   ; 
or,  reducing  it  to  numbers  for  a  =  — -^ ,  we  obtain : 

I  n,  —  3  »i  I  <  52   e  sin  —^   . 
For  the  planet  (152) 

|n,-3n'|  =  6r3  52re  sin  ^' ==  9.'8  . 

The  inequality  is  therefore  fulfilled,  since  GTS  <  9. '8. 

The  general  formulas  for  planets  where  —  =  — : —  is  approximately  fulfilled  are,  /  being  an  integer: 

«=  +  (l-l)(-L-7r)-/(L'-7r)   .  (1) 

iJ=-^(2.A"--^i")cos(»i'-(/-l)L-^)  .  (2) 

La 

fe'  =  3  («•  -  1)  (2  i  A">  +  A|" )  ^  .  (3) 

^=-\m-h^^.u6  .  (4) 


Libration  takes  place  if 


I  I        ,1  //  6,     ,-— ,  ,>, 

n,  — r  n     < T  cos  ,    \  Im     .  (o) 

I  1  —  1       I       J  —  1  i. 

Putting  1  =  2,  3,  4  into  these  formulas,  we  obtain  the  formulas  that  hold  for  the  Hecuba,  Jlildd,  and 
Thule  types  respectively. 

II.       THE    HECIBA    TYPE 

Equation  (5)  becomes  ,  o    m  ^  t^a-  ■/"    ™  ^" 

^  ^  '  I  n,  —  2n  I  <  oo    K  e  cos  ^   . 

For  planet  (52.5)  the  inequality  becomes  10r6<4r0. 
For  planet  {3H1)  the  inequality  Ijecomes  21.'4<  l'.»r4. 
Both  of  these,  therefore,  fail  to  be  "librational"  planets. 
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III.      THE    HILDA    TYPE 


Equation  (2)  becomes 


Equation  (5)  becomes 


i?=  -  ^  e  Ub"^  +  "^)  cos  (2L-  3L'  +  ^) 


I  o  I  ,_  fl 

»»i  —  9  »i '    <  58  .'67  V  e  cos  -~  . 


Applying  this  to  the  four  planets,  we  obtain 


(353) 

(190) 

(334) 

(Sfil) 

3    , 

.3  .'51 

23r89 

4 '31 
22.-91 

11 '05 
5. '70 

l.'TO 

m'SlVe  cos-^ 

22r39 

With  the  exception  of  {334),  all  of  these  planets  have  a  marked  libration. 


IV.      THE    THULE    TYPE 


The  inequality  (5)  reduced  to  numbers  is 


I  4    , 


<  62  .'0  V  e  cos 


For  Tlmle  «,• 
place. 


;h'  is  =4^35,  while  02"  r>  cos -^  =  18f39,  which   shows  that  libration  will  take 


THE  DEVELOPMENT  OF  THE  PERTUEBATIVE  FUNCTION 


The  minor  planet  {334)  has  been  named  Chicago  by  Professor  M.  Wolf  of  Heidelberg,  in  com- 
memoration of  the  conference  of  astronomers  and  mathematicians  held  during  the  World's  Exposition 
in  the  city  of  Chicago.  The  planet  is  marked  for  the  small  eccentricity  and  inclination  of  the  orbit. 
It  therefore  suggested  at  once  the  application  of  Le  Verrier's  method  of  general  perturbations.  In 
a  course  of  lectures  on  general  perturbations  given  by  the  writer  in  the  spring  of  1896  the  planet 
was  used  as  an  example  for  illustrating  certain  modes  of  computation.  At  that  time  but  a  limited 
number  of  observations  was  known,  from  which  an  orbit  had  been  derived  by  Professor  Berberich. 
The  mean  motion  given  in  this  system  of  elements  was  used  in  the  computations.  It  was  soon 
realized  that  in  order  to  accomplish  something  by  means  of  the  calculations  carried  on  to  some  extent 
by  the  writer  and  Professor  Moulton  in  1896,  the  perturbative  function  would  have  to  be  extended 
far  beyond  the  original  scope.  For  a  few  years  the  computations  were  allowed  to  rest  and  when 
taken  up  again  by  the  writer  they  were  continued  with  the  same  value  of  the  mean  daily  motion, 
since  a  recomputation  of  the  previous  work  seemed  unnecessary.  For  a  determination  of  the  mean 
value  of  the  major  axis  the  set  of  available  observations  seemed  insufficient.  It  was  therefore  argued 
that  if  osculating  elements  were  to  be  used,  an  epoch  of  the  elements  could  be  determined  in  such 
a  manner  as  to  bring  the  value  of  the  major  axis  used  in  the  computations  as  near  as  possible  to  the 
major  axis  of  the  epoch  to  be  selected.  By  means  of  special  perturbations  the  change  of  the  major 
axis  between  1897  and  1894  due  to  the  action  of  Jupiter  was  determined,  and  it  was  found  that 
the  major  axis  passed,  during  this  interval  of  time,  through  the  value  assumed  in  the  computations. 
The  tables  constructed  will  be  of  usefulness,  too,  if  at  some  future  epoch  new  tables  of  the 
planet  shall  be  constructed,  even  if  the  mean  value  of  the  major  axis  shall  appreciably  differ 
from    the    value    employed    here.     Indeed,    by    a    differential    method    the    change   can   be    taken 
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into  account  without  very  much  labor.  Pains  have  beeu  taken  to  avoid  errors  in  the  com- 
putations. The  coeflBcients  6^'>,  h['\  bi'\  c'-'\  c{'^  from  ;'  =  0  to  i  =  15  and  the  quantities  which 
depend  only  upon  these  were  computed  independently  by  Mr.  Moulton  and  myself.  The  other 
coeflBcients  were  almost  all  of  them  checked  by  a  repeated  calculation  in  which  the  calculating 
machine  was  used.  To  enable  a  checking  of  any  part  of  the  work  all  the  necessary  quantities  are 
given  from  the  beginning.  It  may  prove  necessary  in  the  second  part  of  this  investigation,  M'hich 
will  be  published  at  an  early  date,  to  add  a  number  of  terms  which  at  the  present  state  of  the  work 
seemed  to  be  negligible.  The  planet  has  been  observed  in  eight  oppositions,  nine  oppositions  having 
occurred  since  its  discovery.  It  is  to  be  hoped  that  it  will  prove  in  the  future  to  be  an  object  from 
which  much  valuable  information  may  be  obtained,  a  new  determination  of  the  mass  of  Jupiter 
appearing  to  be  of  the  most  immediate  importance. 

In  developing   the    perturbative    function    the  value  of    a  =  ~  was  asssumed  to  bo  0.75-43102 

log  a  =  9.8775500. 

The  development  of  this  function  necessitates  the  calculation  of  the  coefficients  of  the  Fourier 

series  into  which   (1  +  a-— 2a  cos  i/^)"'  is  to  be  developed,  when  s  takes  the  values  ^,    .,  ,    x)  ^    y- 

The  designations  used  in  what  follows  are  those  of  Lo  Verrier  (see  Au7iules  <lc  rOhserrafuirc  de 
Paris,  Vol.  X).     We  therefore  put 


(1  +  a^  -  2a  cos  l/-)-!  =  2'6'"  CO.S  ixj/  , 

(1  -|-  a^  —  2a  cos  ^)~5  =  2  c'"  cos  iij/  , 

(1  +  a-  —  2o  COS  i/-)"'  =  S  e*"  cos  iif/  , 

{1  -\-  a^  —  2a  COS  i/')~5  z=  2  /'"  COS  ii)/  . 


(1) 


Only  one-half  of  the  absolute  terms  are  to  be  taken  in  these  developments. 

Each  of  the  coefficients  6''',  c^'\  e*'',  /*''  is  given  by  means  of  power  series  in  a,  the  coefficients  of 
which  depend  upon  the  respective  values  of  s.  In  the  second  volume  of  the  Annales  Le  Verrier  has 
given  these  coefficients  of  the  various  powers  of  a  with  sufficient  accuracy.  Recursion  formulas  are 
easily  obtainable  by  means  of  which  the  higher  ?>('' ,  c*'^  .  .  may  be  calculated  when  the  lower  ones  are 
known.  On  account  of  the  slow  convergence  of  the  series  it  was  deemed  necessary  to  compute  the 
coefficients  //'',  and  c*''  \ip  to  and  including  the  term  for  which  i  is  equal  to  30. 

In  Le  Verrier's  method  the  perturbative  function  is  developed,  by  Taylor's  princi{)le,  Ijy  starting 
from  the  circular  form  of  the  orbit.  Owing  to  the  small  value  of  the  eccentricity  of  {.33-f),  a  close 
approach  to  the  true  orbit  should  be  obtained  by  stopping  at  the  fourth  degree  terms  in  the  periodic 
terms,  and  carrying  the  development  up  to  the  sixth  degree  in  the  secular  terms. 

R,,=  (r^  +  r"-2rr'  cos  .A)" J  -  '-^^^ 

r 

is  the  expression  for  the  perturbative  function.      From  the  development  given  above  the  A'.,  B' ,  C",  D' 
coefficients  are  derived  by  means  of  the  formulas: 

{a^  -\-  a''  —  2aa'  cos  i//)"*  =  ^  2  A'"  cos  i<p  , 

aa'  (a'  +  a"  -  2aa'  cos  ip)-i  =  .>  2B'"  cos  /  if/  ,  (2) 

a'a""  (a'  -|-  a"  -  2ua'  cos  i/')"!  =  .,  2C"'  cos  1 1/-  . 
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Comparing  set  (1)  with  (2)  it  follows  that  we  have: 


a' C"'>  =  a? e'-' 
a'Cl''>=a.''{e[''  +2e'«) 


o 
a'i"'  .=  |(a'C"-''  +a'G'") 

The  development  for  i?,  =  (r^  +  r'^— 2rr'  cos  '«/r)-i  will  be  obtained  by  means  of  the  foregoing 
formulas ;  this  being  done,  E„^  is  deduced  from  it.  Those  coefficients  of  i?o,  which  are  affected  by  the 
development  of  "  ,1  ^  are  given  at  the  bottom  of  each  table  with  the  proper  designation.  In  the  six 
differential  equations  for  the  elements  will  enter  the  partial  differerential  quotients  of  i?„,  with  respect 

da 

to  the  various  elements  involved.      For  all  of  them  except  -^  the  coefficients  that  hold  for  i?oi  will 

^       da 

be  the  same.      It  is  therefore  necessary  to  give  for  -k-^  a  special  development.      The  calculation  for 

the  coefficients  of    this   quantity    rests    upon    the   following   formulas,   which    closely    resemble    the 

foregoing  formiilas: 

,  dA"'     ,  .  ,,,  ,  dAl"        r     '   ,,,1    I     I     '  A  in 

a  a =  a  A"  a  a—, —  ==5 a  A'J'  -\-ia  Al" 

da  da 

,     dAl"       „,,->,   ,  ,-,  ,  dB'"^  /T,.;, 

a  a— — =^2a  A's'+a  Al"  a  a—- —  =  a   £," 

da  da 

a'a^p-  =  da'A!J'  +  2a'A^''       a' a^^  =2a' Bt  +  a' Bi''' 


da 

dAl 
d  a 


a' a  — — 5-  =  4a'A]''  -j-Ba'A'J' 


a ' a ^^  =.  3 a ' B'/'  +2 a' B!." 
da 

a'a^-^a'C[" 
da 

a' a — '^=--2a'  aj'  -\- a' €[''' 
da 


,     dE">       1/  ,  dB"-"  ,   ,  dB"  +  "\ 

a   a—; —  =  ?,(«  a — ; r«  « — ; I 

da        2\  da  da     / 

,    dG'"       3/  ,  dC'--"    ,  ,  ,  dC''    ,   ,  dC"+''\ 

a  a  — ; —  =  T-,\a   a  — ; 1-  *  a  «  ~, \-  a  a ; I 

da        o\  da  da  da    f 

,    dL">       3/  ,  dC"-''  ,   ,  dC<-'\ 

a  a  — ; —  ^  T  (  «  «  — ; \-  a  a  -- —  I 

da         4  \     da  da  / 
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,10 

I                  bo 

6i""' 

U' 

b'." 

b'.' 

bl'^ 

&^" 

u 

2.441305 

1.443403 

5.590232 

34.898984 

.327.1807 

4050.409 

62512.41 

1 

1.016735 

1.913541 

5.497506 

35.271067 

.327.9:349 

4057.947 

62583.87 

2 

0.596121 

1.7&J029 

6.099221 

35.749825 

.331.2201 

4079.383 

63106.04 

3 

0.381915 

1.549698 

6.483219 

37.527031 

336.;3891 

4117.862 

&3128.86 

4 

0.255109 

1.300851 

6.552158 

39.806480 

346.19.31 

4174.097 

5 

0.174627 

1.070263 

6.351655 

41.821026 

.360.6489 

4258.352 

6 

0.121483 

0.868749 

5.958702 

43.0899&3 

377.7704 

4378.645 

7 

0.085489 

0.698334 

5.4472.38 

43.404727 

.394.8075 

4534.445 

8 

0.060680 

0.557208 

4.877527 

42.753952 

409.1497 

4716.083 

9 

0.043359 

0.442019 

4.294311 

41.247667 

418.8124 

4899.008 

10 

0.031148 

0.. 348991 

3.728425 

39.a57161 

422.5994 

5089.724 

U 

0.022475 

0.274477 

3.199295 

.36.374,347 

420.05;» 

5236.467 

12 

0.016276 

0.215164 

2.718241 

33.37593 

411.4613 

5355.954 

13 

0.011823 

0.168201 

2.289570 

30.23708 

397.1126 

5410.922 

14 

0.008612 

0.1.31167 

1.914574 

27.06107 

378.7607 

5406.813 

15 

0.006287 

0.102078 

1.590132 

23.99735 

355.6490 

5355.452 

16 

0.004599 

0.079289 

1.. 31.37 

21.0520 

17 

0.003370 

0.061493 

1.0789 

18.3651 

18 

0.002473 

0.047622 

0.8831 

15.8222 

19 

0.001817 

0.036835 

0.7186 

13.656 

20 

0.001337 

0.0284.50 

0.5840 

11.554 

21 

0.000985 

0.021967 

0.4711 

9.942 

22 

0.000726 

0.016944 

0..3810 

8.214 

23 

0.000536 

0.013050 

o.saw 

7.136 

24 

0.000396 

0.010066 

0.2450 

5.712 

25 

0.000293 

0.0077.35 

0.1956 

5.(M8 

26 

0.000217 

0.005971 

0.1551 

3.922 

27 

0.000161 

0.004575 

0.1246 

3.476 

28 

0.000120 

0.0a3o27 

0.0964 

2.754 

29 

0.000090 

0.002687 

0.0791 

2.281 

30 

0.000068 

0.002065 

0.0587 

2.066 

12.36175 
11.23813 
9.66595 
8.0770 
6.6281 
5.3714 
4.. 31.30 
3.4387 
2.7263 
2.1.517 
1.6917 
1.. 32.58 
l.a'»2 
0.8079 
0.6286 
0.4882 
0..3786 
0.2a32 
0.2268 
0.1751 
0.1.350 
O.lOil 

0  mri 
o.wio 

O.OlT.'i 

0.fr279 
0.1/212 
0.0161 
0.0122 
0.0(/r2 


68.6237 
68.4992 
66.2459 
62.1949 
56.9571 
51.1037 
45.0838 
39.2155 
a3.7093 
28.6a31 
24.1970 
20.2.5.50 
16.8471 
13.9271 
11.4.574 
9.407 


621.7857 

618.8126 

611.9514 

599.078 

578.959 

551.770 

518.. 578 

480.7.57 

440.218 

398.. 372 

356.748 

316.409 

278.092 

242.629 

209.897 

180.256 


7553.544 
75.38.537 
7489.341 
7408.474 
7289.902 
7128.1.34 
6916.374 


1.34.8231 
1.32.0236 
124.8907 
114.9.379 
ia3.4751 
91.50.53 


1582.967 
1570.668 
1532.359 


406 


KuKT  Laves 


i 

a'A'fi 

a'Al" 

a'4^« 

a-Aip 

a'^f 

a'Al'> 

a-Ai'' 

a'B'o 

a'B."'' 

a  ±s  i 

a'Bf 

a'C^t^ 

0 
1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

2.441305 
1.0167.35 
0.596121 
0.381915 
0.255109 
0.174627 
0.121483 
0.085489 
0.060680 
0.043359 
0.031148 
0.022475 
0.016276 
0.011823 
0.008612 
0.006287 
0.004.599 
0.00a370 
0.002473 

o.aiisn 
0.lKii:i!7 

0.0(.HI'.IS,"i 
O.CH.HlTliii 

0.0(;)(tr.:i6 
O.OOO.'i'.tG 
0.000293 
0.000217 
0.000161 
0.000120 
0.000090 
0.000068 

1.443403 
1.913541 
1.785029 
1.549698 
1.300851 
1.070263 
0.868749 
0.698a34 
0.557208 
0.442019 
0.348991 
0.274477 
0.215164 
0.168201 
0.1.31167 
0.102078 
0.079289 
0.061493 
0.047622 
O.n.308.35 
(.1 . 1  i-.iS4.50 
U  irJ1967 
0.iilii044 

O.OIIKMJO 
0.0077:35 
0.005971 
0.004575 
0.003527 
0.002687 
0.002065 

2.795116 

2.748753 

3.049610 

3.241609 

3.276079 

3.175827 

2.979351 

2.723619 

2.438763 

2.1471.55 

1.864212 

1.. 599647 

1.. 359120 

1.144785 

0.9.57287 

0.795066 

0.65685 

0.5.3947 

0.44155 

0.3593 

0.2920 

0.2.355 

0.1905 

0.1525 

0  1225 

0.0978 

0.0775 

0.0623 

0.0482 

0.0395 

0.0298 

5.816497 

5.878511 

5.9583(M 

6.254505 

6.6.34413 

6.970171 

7.181664 

7.234121 

7.125658 

6.874611 

6.509527 

6.062391 

5.562655 

5.039513 

4.. 5101 78 

3.999.559 

3.5087 

3.0608 

2.6367 

2.2760 

1.9257 

1.6570 

1.369 

1.189 

0.952 

0.841 

0.654 

0.579 

0.459 

0..380 

0.344 

13.63253 
13.66395 
13.80084 
14.01621 
14.42472 
15.02704 
15.74044 
16.41261 
17.04793 
17.41283 
17.69258 
17.464.52 
17.22759 
16.50868 
15.8&506 

33.7534 
.33.8162 
.33.9949 
34.3155 
34.7841 
35.4863 
36.4887 
37.7870 
.39.3007 
40.8251 
42.4144 
43.6372 
44.&329 
45.0910 
45.0568 
44.6288 

86.823 
86.923 

87.647 
87.679 

9.3245 
8.4770 
7.2911 
6.0926 
4.9996 
4.0508 
3.25.33 
2.59,38 
2.05&5 
1.62.31 
1.2761 
1.0001 
0.7816 
0.6094 
0.4742 
0.3682 
0.2856 
0.2212 
0.1711 
0.1321 
0.1018 
0.0785 
0.0605 
0.0465 
0.0.357 
0.0274 
0.0210 
0.0160 
0.0121 
0.0092 
0.0069 

61.0871 
60.1466 
57.2610 
53.0066 
47.9630 
42.5997 
37.2605 
32.1745 
27.48.37 
23.2590 
19.5281 
16.2786 
13.4896 
11.1148 
9.1166 

286.27.32 
285.0504 
282.2646 
272.860 
261.321 
246,651 
221, 592 
210.900 
191.457 
171.507 
152.805 
134.614 
117., 592 
102.014 
87.806 
75.080 

1184.125 
1181.117 
1172.. 344 
11.57.. 323 
11.34.829 
1104.2.37 
1065.096 





76.7122 
75.1193 

71.0608 
&5.398 
58.876 
52.065 

17 

18 

19 

90 

1^1 

22 
93 

94 

''5 

26 

97 

'^8 

^9 

30 

I 

i 

,    dA^n 

a  a—. — 

da 

a'a"^''' 
da 

a'a'^^"' 
da 

a'a''^'' 
da 

a'a^'f 
da 

a  a—z — 
da 

a  a  — — 
da 

a  a-- — 
da 

,    dE'i^ 

a'a—j — 

da 

„,    dE'^ 

a  a — 

da 

,    dEi' 

a  a =— 

da 

0 
1 
2 
3 
4 
5 

1.44.3403 
1.91.3541 
1.785029 
1.549698 
1.3008.51 
1.070263 
0.868749 
0.698.334 
0.557208 
0.442019 
0.. 348991 
0.274477 
0.21.5164 
0.168201 
0.131167 
0.102078 
0.079289 
0.061493 
0.047622 
0.0.368,35 
0.028450 
0.021967 
0.016944 
0.01,3050 
0.010066 
0.0077.35 
0. 005971 
0.a>4575 

osniyii 
o.O(iL'i;si 

0.0O2UG5 

7.a33&35 

7.411047 

7.8842.50 

8.032917 

7.85.3009 

7.421918 

6.8274.51 

6.145.572 

5.4.34735 

4.736,330 

4.077416 

3.47.3772 

2.9.33405 

2.457771 

2.045741 

1.692210 

l.,3930 

1.1404 

0.9307 

0.7554 

0.6124 

0.4931 

0.3979 

0..3180 

0.2551 

0.2033 

0.1611 

0  1292 

II.IKIMO 

(1  (IS]  8 

U.U60S 

23.0.39723 

23.1,330,39 

23.9741.33 

25.2467,34 

26.455.397 

27.262168 

27.503694 

27 . 149601 

26.2.54.501 

24.918144 

23.257006 

21.. 386468 

19.406206 

17 . 408109 

15.44.5108 

13., 588809 

11.8.398 

10.2613 

8.7932 

7., 5466 

6., 3611 

5.4421 

4.4883 

3.8720 

3.1010 

2.7186 

2.1171 

1.8616 

1.4734 

1.2191 

1.0907 

71.979611 
72.291333 

73.078272 
74.82a355 
77.602119 
81.018673 
84.506752 
87., 352803 
89.568894 
90.275153 
90.298901 
88.045253 
85.598325 
81.15,3259 
76.990786 

223.2871 
223.7,368 
225.1779 
226.6423 
2.31.6194 
2.37., 5,397 
245  4053 

61.0871 
60.1466 
57.2610 
53.0066 
47.9&30 
42.. 5997 
."^7  9R05 

6a3.6278 
630.2X33 

621.7829 

602  981 

575.649 

541.265 

485.784 

459.060 

415.088 

4124.921 

4113.452 

4081.56 

4117.69 

3927.13 

3806.01 

36,38.47 

60.1466 
59.1740 
56.5766 
52.6120 
47.80,32 
42.6115 
37.. 3871 
32,, 3721 
27.7167 
23.. 5019 
19.7688 
16.5088 
13.6967 
11.3031 



630.247 
627.711 
616.614 
598.719 
.572.123 
5.30.716 
.500.162 
4.50.4,36 
409.779 
,371.978 
,324.647 
290.166 
2.53.1,37 
219.095 
188.397 

4113.4,51 
4103.241 
4115.570 
4004.345 
,3961.801 
3782.800 

7 

2.-1  .-sM     .■;2.1745 
2t;i  Tii-.i     -JT. 48.37 
'^T'S  7iJtJS)     "'-'i  -'.'.OO 

s 

9 

10 

282.8423 
288.0441 
292.0749 
291.4897 

19  -VJ^I     :\-l^  si!0 
16. 27^1;    ■J-^s  ;:,(! 

13  IS'JtJ     --'.-.l    41'^^ 

11 

v 

13 

11.1148 
9.1166 

217.518 
186.727 
159.277 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

407 


10 


The  Orbit  of  the  Minor  Planet  (334) 


TABLE  III 
The  Secclae  Past  of  a'iJi  and  a'a  - 


eJ 

e  > 

rf- 

ee'  cos  (x  —u). . 

e* 

e'e^ 

e« 

eV 

e'V 

V 

e*e'  cos  (»•'— «) . 
ee''  cosir'  —u)  .. 
ee'  if  cos(x'— w) 


a  Ri 


+0.0865918 
+0.0251538 
+O.02515:» 
-0.6272122 
-0.2607341 

+0.56190 
+1.33101 
+0.88484 
-1.93599 
-1.93599 
+1.76281 

-1.24424 
-1.40074 
+2.22418 


dR^ 


+9.8583567 
+0.8761220 
+0.8761220 
-1.4781822 
-1.1557895 

41.74322 
+2.47198 
+1.98512 
-3.07405 
-3.07405 
+3.06850 

-2.40640 
-2.52614 
+3.36840 


e-e'-cos  (2ir  — 2ui. . . . 

e-rf  cos  (2<D— 2t  ) 

ee  T  cos  (t'+w— 2t) 
e-ir  cos(2t' — 27-')  .. 

e» 

e«e2 

c^e'* 

e'» 

e^e'  cos  (it'- u) 

e'e''  cos  (it'  —w) 

ee ^  cos  (it'  — u) 

e*e'^  cos  (2ir'  — 2«) . . . 
e-e '*  cos  (It '  —  2a>) . . . 
e'e'^  cos  (Stt'— 3w)  . . 


a'B, 


+0.99969 
+1.78790 
-1.92947 
+1.46501 

+1.27508 
+2.43034 
+2.626S2 
+1.87452 
-1.15232 
-2.82749 
-2.54231 
+2.24628 
+2.4.3887 
-1.852G0 


rfi?, 


+2.15413 
+2.86277 
-3.06977 
+2.64637 


T.\BLE  IV 
Tbe  Pebiodit  Part  of  Rn\  and  a '  a 


dRm 
da 


.    dR, 

,    dR, 

a'  ie, 

a  a~ 
da 

a'  Ri 

a  a-5 — 
da 

conit  -\l* 

0.00721 

+0.28184 

e-  cos  5  {/■  —X) 

-0.. 35075 

-0.97380 

(2i'-2X) 

9.77533 

0.25164 

6(     "    ) 

-0.38904 

-1.14951 

(3/'-3X) 

9.58197 

0.19025 

7(    "    ) 

-0.39410 

-1.24479 

(4r-4X) 

9.40673 

0.11423 

8(     "    ) 

-0.37758 

-1.29703 

(5r-5X) 

9.24211 

0.02949 

9(     "    ) 

-0.. 34586 

-1.. 32173 

(6/-6X) 

9.084.52 

9.93889 

10  (     "    ) 

-0.30281 

-1.32699 

(7r-7X) 

8.93191 

9.84406 

11  (     "    ) 

-0.2.5101 

-1.. 31768 

(8/-8X) 

8.78305 

9.74602 

12  (     '•    ) 

-0.19218 

-1.29697 

(9/  -9X) 

8.63708 

9.64544 

13  (    "    ) 

-0.12762 

-1.26701 

(10/  -lOX) 

8.4a343 

9.54281 

14  (     "    ) 

-O.OSaT) 

-1.22951 

(11/-11X) 

8.. 35170 

9.4.3851 

15  (    "    ) 

-9.98498 

-1.18546 

(12/-12X) 
(13/  -1.3X) 

8.21155 
8.07273 

9.33277 
9.22583 

e'cos  l(/'-X)J 

+0.11873 

+1.12581 

(14/-14X) 

7.9.3510 

9.11782 

2(    "    ) 

+8.51634 

+0.94394 

(15/'-1.5X) 

7.79844 

9.008a3 

3(    "    ) 

-0.01770 

+0.4.3016 

(16/'-16X) 

7.66266 

8.89921 

4(    «    ) 

-0.2.5.362 

-0.56341 

(17/  -17X) 

7..527&3 

8.788a3 

5(     "    ) 

-0.. 35075 

-0.97.380 

(18/-18X) 

7.. 39.322 

8.67781 

6(     "    ) 

-0.38904 

-1.14951 

(19/  -19X) 

7.259.^3 

8.56626 

I<     ''    I 

-0.. 39410 

-1.24479 

(20/'-20X) 

7.12613 

8.45408 

8(    •'    ) 

—0.. 37758 

—1.29703 

(21/'-21X) 

6.99.344 

8.34177 

9(    "    ) 

-0.. 34  580 

—  1.32173 

(22/'-22X) 

6.86094 

8.20260 

10  (    "    ) 

-0.. 30281 

-1.. 32690 

(23/-23X) 

6.72916 

8.11561 

n(  "  ) 

-0.25101 

-1.31768 

(24/-24X) 

6.59770 

8.00286 

12  (    "    ) 

-0.19218 

-1.29697 

(25/'-25X) 

6.46687 

7.88846 

1.3  (    "    ) 

-0.12762 

-1.26701 

(28/-26X) 

6.33646 

7.77605 

14  (     "    ) 

-0.05a35 

-1.229.51 

(27/-27X) 

6.206a3 

7.66039 

15  (    "    ) 

—9.98498 

-1.18546 

(28/'-28X) 

6.07918 

7.54741 

16  (     "    ) 

-9.9()806 

-1.10319 

17  (    "    ) 

-9.82827 

-1.08171 

e^coe    1(/-X)t 

+0.11873 

+1.12.581 

18  (     •'    ) 

-9.74.5.54 

-1.02.395 

2(    «    ) 

+8.516.34 

- -0.94.394 
- -0.4.3016 

19  (    "    ) 

-9.G60()8 

-0.90123 

3(    »   ) 

-0.01770 

20(     "    ) 

-9..57:i57 

-0.89724 

4       » 

-0.2.5.362 

-0..56.341 

21(     "    ) 

-9.4*515 

-0.82730 

a  H„ 

""da 

o  «.l 

.    dS., 

•eo»(l-A) 
t«Jco.(l-A, 

'.      941901 
022*28 

0.06418 
1.13790 

tc2co»(J-A) 

0.22828 

1.13790 
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TABLE  I\  —  Continued 


,    dR, 

dR, 

a'  iJ, 

a  a-= — 
da 

a'  R^ 

a  a-r-^ 
da 

e'^- COS  22  a  -X) 

-9.39375 

-0.76103 

ecos(-15Z+16X-u) 

+8.63615 

+9.8K73 

23(     "    ) 

-9.30276 

-0.68869 

(-14r+1.5X-<j) 

+8.70024 

+9.91034 

24  (     "    ) 

-9.20688 

-0.61236 

(-1.3Z  -f-14X-a>) 

+8.84260 

+9.98124 

25(    "    ) 

-9.11528 

-0.53135 

(-12Z+1.3X-u>) 

-1-8.94315 

-0.047.38 

26(     "    ) 

-9.01870 

-0.42275 

i            (-11Z+12X-.J) 

+8.99994 

-0.10800 

27  (    "    ) 

-8.92376 

-0.36884 

(-101  +n\-u) 

-9.13667 

-1-0.16173 

ij^cos  1  (r-x)* 

2(    "    ) 
3(     "    ) 

-0.91949 
-0.86242 
-0.78855 

-1.77208 
-1.75256 
-1.72103 

{-  9Z-10X-U) 
(-  81  +  9X-0,) 
(-  11  +  8X-<*) 
(-  6/  +  7X-<-) 

+9.22846 
+9.31558 
+9.39664 
+9.46912 

-t-0.20683 
+0.24062 
-1-0.25901 
-1-0.25498 

4(    "    ) 
5(    "    ) 
6(    "    ) 

—0.70615 
-0.61557 
-0.52144 
-0.424(B 

—1.67940 
-1.61780 
-1.57267 
-1.49467 

(-  ol  +  6X-U) 
(-  iV+  5X-U) 
(-  31  +  ^\-u) 
(-  2Z'+  3X-u) 

+9.52892 
+9.56825 
+9.56925 
+9.47673 

+0.21495 
-1-0.10616 
+9.80115 
-9.. 57062 

8(    "    ) 

9(     "    ) 

10(    "    ) 

-0.32396 
-0.22089 
-0.11780 
-0.01235 

—1.44270 
-1.37112 
-1.29593 
-1.19052 

(-  IV  +  2X-u,)i 
(      0    +  lX-<^) 
(+  1/'+  0  -<^)J 
(+  2Z'-  IX-w) 

-^8. 77790 
-9.a5836 
-0.29524 
-0.31905 

-0.25333 
-0.54615 
-0.74966 
-0.87577 

12  (     "    ) 
13(    "    ) 

-9.9(B66 
—9.7911 

—1.13657 

(+3/'-  2X-<-) 
{+  if-  3X-«) 

-0.28341 
-0.22294 

-0.9.3780 
-0.96047 

14  (     "    ) 

-9.6874 

(+  5Z'-  4X-U) 

-0.14868 

-0.95724 

ee'  cos  (-14?  +14\-jr  +<.,) 

+9.96351 

+1.16320 

{+  SI'-  5X-w) 

-0.06568 

-0.9*582 

i~13l+13\-ir'+o,) 
(-12Z'+13X-,r'+c) 

4-0.aS481 
-0.10201 

+1.20534 
+1.24C64 

(+  11-  6X-U) 
(+  8/-  IX-u) 

-9.97662 
-9.88312 

-0.90097 
-0.8.5582 

(-Ur+llX-T  +«) 
f-lOZM-lOX— T-j-w) 
(-  m  +  QX-w'+a) 

+0.16646 

+1.26770 

(+  91- -  8X-<j) 

-9.78621 

-0.80252 

+0.21979 
+0.26775 

+1.28490 
+1.28974 

(+10/'-  9X-C) 
(+lir-10X-<.,) 

-9.68661 
-9.58485 

-0.74262 
-0.67725 

(-  8/ ■+  8X-X ■+«) 

+0.3(»86 

-LI.  27846 

(+12Z'-llX-a>) 

-9.48128 

-0.607.31 

(-  7Z •+  7X-T+0,) 

(-  er-T-  6x-ir +0') 

+0.33099 
+0.35423 

+1.24521 
+1.19935 

(+13/-12X-U.) 
{+Ul-13\-w) 

-9.37621 
-9.26987 

-0.53345 
-0.45625 

(-  5/'+  5X-W+W) 

+0.31908 

+1.06082 

{+15Z'-14X— Q.) 

-9.16240 

—0.37608 

(-  4r+  4X-x'+a,) 

+0.25649 

+0.82859 

(+16r-15X-a.) 

-9.05346 

-0.29336 

(-  31  +  3X-ir'+a>) 

+0.10825 

+0.02437 

(+17/  -16X-a.) 

—8.94448 

-0.20832 

(-  2/ ■+  2X-T+<-) 

+9.67090 

-0.70045 

(+18/  -17X-u>) 

-8.8325 

—0.12140 

(-  ir+  ix-t'+«) 

-9.79862 

-1.02424 

(-;-19/'-18X-<^) 

-8.7193 

-0.03041 

(+  IZ-   IX-j-'-l-u) 

-0.32618 

-1.17715 

(+20/-19X-a,) 

-8.6128 

-9.98909 

(+  2/-  2X-x'+u)t 

-9.90635 

-1.09348 

(+21/-20X-a.) 

-8.4914 

-9.84991 

(+  3Z-  3X-x'+u) 
(+  4Z'-  4X-x'+«) 

+9.75072 
+0.20603 

-0.84535 
-9.56584 

(+22/-21X-C;) 

(+23/-22X-W) 

-8.3802 

-8.2787 

-9.71742 
-9.66238 

(+  5Z-  5X-T '+<.,) 

+0.36239 

+0.79665 

(+24/-23X-U) 

-8.1461 

-9.59450 

(+6/'-  6X-X '+<.,) 

+0.42800 

+1.08243 

(+25/-24X-0,) 

-8.0414 

-9.46982 

(+  11-   TX-x'+c) 

+0.44929 

+1.22312 

(+26/'-25X-w) 

—7.9294 

-9.362^ 

(+  8/-  8X-x'+<-) 

+0.44361 

+1.30135 

(+27/'-26X-a.) 

-7.7781 

-9.27439 

(+  9Z'-  9X-x'+«) 

+0.41967 

+1.34332 

(+10r-10X-x'+w) 

+0.38249 

+1.36107 

eVcos(-  5/'+  6X-x) 

-9.5670 

-1.64789 

(+ll?-llX-x'+«) 

-0.33524 

+1.36129 

(—  4/'+  5X-x') 

—0.3363 

—1.86721 

(+12Z'-12X-x  ■+") 

+0.28013 

+1.34813 

(-  3/'+  4X-X') 

-0.78866 

-2.07463 

(+13Z  -13X-X  -f«) 

+0.21862 

+1.32438 

(-  2/'+  3X-X') 

—1.03902 

-2.22685 

(+14r-14X-x'+u) 

+0.15180 

+1.29195 

(—  1/'+  2X— x') 

-1.23930 

-2.34916 

(+15/'-15X-x+w) 

+0.08066 

+1.25240 

(                IX— x') 

-1.40534 

-2.45372 

(+16/-16X-x'-fw) 

+0.0(B68 

+1.20663 

(+  y      -»•') 

—1.53534 

-2.53806 

(+17Z'-17X-x'+u) 

+9.92612 

+1.15582 

(+  2/'-  lX-x'|§ 

-1.62371 

—2.60488 

(+18/'-18X-x'+u) 

+9.84639 

+1.10013 

(+  31'-  2X-x') 

-1.66741 

-2.65296 

(+19Z-19X-x'+o) 

4-9.76262 

+1.04123 

(+  41'-  3X-X') 

-1.67953 

-2.68395 

(+20Z'-20X-x'+<.,) 

+9.67678 

+0.97754 

(+  5/'—  4X-X') 
(+  6/-  5X-X') 

-1.66951 
-1.63782 

—2.70998 
-2.69873 

ccos(-21Z'+22X-a>) 

+8.00000 

+9.33183 

(+  7/'-  6X-X') 

-1.60461 

-2.69293 

(-20Z'+-ilX-w) 

+8.07918 

+9.41963 

(+  8/-  7X-X') 

-1.55060 

-2.67025 

(-19Z'+20X-w) 

+8.20il2 

+9.50799 

(+  9/'-  8X-X') 

-1.50213 

-2.64392 

(-18Z'+19X-w) 

+8.31597 

+9.59306 

(+10/'-  9X-X) 

-1.44(fi9 

-2.61200 

(-ni'+lS\-w) 

+8.42325 

+9.67688 

(+ll/'-10X-x') 

-1.37392 

-2.56806 

{-im+ii\-u, 

+8.53020 

+9.75747 

(-L12/'-llX-x') 

-1.30085 

-2.52496 

►.12C0S(/-A) 

fee'  cos  (2r-2A-ir-{-o.) 
teco=(-ir-f2A-<..) 


-0.8781.5 
-0.19.321 
-9. .50312 


-1.766.51 
-1.11913 
-0.33627 
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TABLE  V> —Continued 


dRi 

,    dRi 

a'  1?, 

da 

a'S, 

a  a—^— 
da 

A'  cos(-5/ ■+  4X-x-f-2«) 

-0.8880 

-1.56745 

e'ij=cos(-  5/  -)-  6X-I-X  -2t) 

+1.29596 

+2.40281 

(-4/4-  3X-r'4-2«) 

-0.69906 

-0.96806 

(-  4/  4-5X-1-X-2T) 

+1.31680 

+2.35763 

(-3/'+  2X-r'-l-2«) 

-0.30291 

4-1.14196 

(-  3/  +  4X-)-x-2t) 

+1.31943 

+2.33646 

{-21  +  lX-i'+2«) 

4-9.92231 

4-1.63187 

(_  2/  -|-3X-i-x-2r') 

+1.29627 

+2.29751 

(-1Z            -T  -|-2«) 

4-0.44722 

4-1.57314 

(-     /•4-2X-I-X-2T') 

+1.234.31 

+2.23702 

(         -  lX-r-i-2«) 

4-0.50232 

4-1.54949 

(           4-    X-fx-2r) 

+1.11194 

+2.15580 

(+ir-  2X-r  -l-2«) 

4-0.33640 

4-1.44892 

(4-    /■          4-t'-2t') 

-1-0.93827 

+2.05097 

(4-2/  -  3X-T-f2u)* 
(4-3/-  4X-X +2«) 

4-0.25062 

4-1. 31174 

(4-  2/'-      X-|-x'-2r') 

+0.71600 

+1.92361 

4-O.33062 

4-1.20852 

(+3/-  2X4-X-2T) 

-K).  41280 

+1.76335 

(-H/'-  5X-X  -|-2«) 

4-0.46735 

4-1.20702 

(4-  4/-  3X4-X-2T') 

+9.869 

+1.49128 

(+5/'-  6X-T  +2u) 

4-0.59298 

4-1.30750 

(4-  5/-  4X4-X'— 2t') 

+9.695 

4-0.50284 

(+«'-  7X-^  -|-2«) 

4-0.67669 

4-1.4.3470 

(4-7/'-  8X-x-4-2«) 

4-0.73775 

4-1.55163 

e=cos(-15/'-l-17\-2«) 

+9.24027 

4-0  43503 

(4-8/'-  9X-x+2«) 

4-0.77320 

+1.64573 

(-14/'4-16X-2«) 

+9.31742 

-fO. 48170 

(4-9/-10X-x4-2<.>) 

4-0.79085 

(-1.3/'-|-l,5X-2w) 

+9.39085 

-1-0.52.397 

(-♦12/-I-14X-20,) 

+9.46082 

4-0.55912 

ee"co6(-  3/4-  4X-2x  4-«) 

-0.27967 

-1.85450 

(-11/+13X-2W) 

+9.52625 

+0.58718 

(-  2/  +  3X-2x'4-«) 

-0.27183 

-1. 331.36 

(-10/-I-12X-2W) 

+9.58652 

-1-0.60623 

(-  1/  +  2X-2x'4-«) 

-0.34415 

-1.4.3722 

(-  9/'4-llX-2<-) 

+9.64061 

4-0.61491 

(          4-    x-2x'4-«) 

-0.49862 

-1.60499 

(-  8/'4-10X-2u) 

+9.68729 

-1-0.61095 

(4-  1/'         -2x'4-«)t 

-0.67435 

-1.66780 

(-  7/'4-  9X-2a>) 

+9.72481 

+0.59171 

(4-2/'-    x-2x'4-«) 

-0.76926 

-1.7^83 

(-  6/'4-  8X-26,) 

+9.75101 

-1-0.55413 

(4-3/'-  2X-2x-|-«)t 

-0.63517 

-1.74196 

(-  5/-I-  7X-2U,) 

+9.76288 

4-0.49529 

(4-  4/'-  3x-2x'4-«) 
(-1-  or-  4X-2x'4-«) 

-9.84466 

-1.64784 

(-  4/  +  6X-2w) 

+9.75645 

-f-0. 41556 

-H).58035 

-1. 33764 

{-  3/'4-  5X-2.-) 

+9.72682 

4-0.32907 

(+6/'-  5X-2x  •-!-«) 

4-0.92130 

4-1.00639 

(-  2/'4-  4X-2<.>) 
(-  l/'i  3X-2u„§t 

+9.67070 

+0.28771 

(+  7/'_  6X-2x'4-<..) 

-1-1.08595 

4-1.67554 

4-9.59754 

+0.37614 

(4-8/'-  7X-2x'4-t..) 

4-1.18222 

-1-1.9.3308 

(           4-  2X-2..)) 

+9.528&3 

-1-0.60222 

14.  9r_  8X— 2x-f-w) 

4-1.23636 

4-2.08651 

(4- 1/'4-   x-2<.,*t 

-1-0.01641 

-1-0.86905 

(4-10/'-  9X-2x'4-<-) 

-1-1.26588 

4-2.18250 

(-1-  2/'          -2«) 

4-0.4(622 

+1.12207 

(4-ll/'-10X-2x'4-u) 

4-1.27442 

4-2.25244 

(-1-3/'-     X-2«) 

4-0.57404 

+1.. 31007 

(4-12/'-llX-2x'4-«) 

4-1.30750 

4-2.29465 

(4-4/-  2X-2«) 

+0.65307 

+1.43951 

(-4-13/-12X-2x'4-«) 
(-|-14/-13X-2x'4-«) 

4-1.2923 

4-2.3124 

(4-5/-  3X-2«) 

+0.68475 

+1.52567 

-1-1.2624 

4-2.3302 

(4-  6/  -  4X-24;) 

+0.68708 

+1.58014 

(4-15/  -14X-2x' 4-1..) 
(-fl6/  -15X-2x'4-«) 

4-1.2253 

4-2.3248 

(4-  11-  5X-2«) 

+0.66940 

+1.61081 
4-1.62.313 

4-1.1861 

-1-2.3193 

(4-  8/  -  6X-2«) 

-1-0.63725 

(-hl7/-16X-2x'4-<-) 
(4-18/  -17X-2x'4-«) 

4-1.1400 

4-2.2944 

(4-9/-  7X-2<..) 

4-0.59411 

+1.62091 

4-1.0864 

4-2.2695 

(+10/-  8X-2o>) 

+0.54238 

+1.60692 

(-+-19/-18X-2x'4-«. 

4-1.0294 

(+11/-  9X-2<-) 

4-0.48375 

+1.58323 

(4-20/'-19X-2x'4-«) 

-1-0.9689 

(+12/'-10X-2«) 

4-0.41942 

+1.57516 

(+1.3/-11X-2W) 

-1-0.35033 

+1.51267 

«V  CO8  ( -7/ ■  4-8X4-a.-2r  ■ ) 

-1.2074 

-2.38643 

(+14/'-12X-2u) 

-1-0.27722 

+1.46801 

(-6/'-f7X4-«-2T') 

-1.2652 

-2.40115 

(+15/-1.3X-2a.j 

-1-0.20117 

+1.41817 

(-5/'-i-6X-|-«-2T') 

-1.3038 

-2.42015 

(-4/'-f5X-f«-2r') 

-l..«79 

-2.421.30 

e*cos(6/'-4X-2u) 

-1.12189 

(-3/'-HX-|-«-2t') 

-1.3890 

-2.40954 

(-2/'+3X4-«-2t-) 

-1.4(»3 

-2.382a3 

e2e''cos(6/'-4X-2<.») 

-1.96412 

(-1/'4-2X-)-«-2t) 

-1.40226 

-2.33788 

(         4-1X4-«-2t) 

-1.37107 

-2.27635 

cVco3(6/'-4X-2«) 

-2.37355 

(4-1/'       4-«-2t')[| 

-1.29957 

-2.19749 

(4-2/'-1X-|-«-2t) 

-1.17705 

-2.10319 

ee'  cos(— 14/  -J 

|-16X-x'+«) 

-9.4.3461 

-0.60219 

(4-3/'-2X4-«-2t') 

-1.02811 

-1.99008 

(-1.3/'- 

-l,5X-x'+u,) 

-9.52409 

-0.68980 

(4-4/'-3X4-«-2t') 

-0.85473 

-1.68111 

(-12/- 

-14X-x+<^) 

-9.. 592.32 

-0.72546 

(4-5/'-4X4-«-2t') 

-0.6522 

-1.45964 

(-11/'- 

-1.3X-x+<^) 

-9.6.5343 

-0.75293 

(-10/- 

rl2X-x+a,) 

-9.71070 

-0.77237 

e'^»«»  (-12/'4-1-3X4-x-2t') 

-1 

rO.8957 

-1-2.14747 

(-  9/'- 

rllX-x'+w) 

-9.76026 

-0.78155 

(-ll/-i-12X+x-2T') 

- 

U0.9694 

4-2.19770 

(-  8/'- 

-lOX-x+w) 

-9.80168 

-0.77921 

(-10/4-11X4-X-2T') 

- 

ui. 03910 

-1-2.24296 

(-  7/- 

h  9X-x+a,) 

-9.83322 

-0.76337 

(-  9/-+10X4-''-2t') 

- 

-1.10698 

--2.27&39 

(-  6/- 

h  8X-X+.-) 

-9.85272 

-0.7.3261 

(-   8/4-  flX+X-2T') 

- 

H  16382 

-1-2.. 31562 

(-  51- 

-  7X-x'+o.) 

-9.a5763 

-0.68749 

(-  7/4-  8X4-x'-2t  1 

1  -111—-, 

'2. .34110 

(-  4/'- 

-  6X-X--U) 

-9.845C2 

-0.63481 

(-  <U  +  7X-I-X-2T   , 

2..35007 

(-31-4 

-  5X-X '-(-<») 

-9.81730 

-0.600,33 

■■'!'•-■" 

aR., 

.    dff., 

•<!3«  COS  fa  -»-«  -1-2-) 

t««>co«(J  -2»-(— ) 

-f«.0M89 
-O.MIIS 
-0.7«« 

[]eii>cos(J+«-2T) 
.  — ..                Stc^coiJ-i-fSA-Z-) 

i.-,:.\t)i     II      ne«c<»(-i-(-A-a,) 

-1.27419 

-Hi.assos 

-(-9.97.j09 

-2.19W6 
-H).SZ1)2 
4-0.«t34» 
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T.\BLE  rv 

—  Continued 

dE, 

dill 

aRt 

a  a  -i — 
da 

a'Ri 

a'a—z— 
da 

ee'  cos(-  2r+  4X-t+w) 

-9.78599 

-0.61951 

e'-cos(+137  -llx-2ir') 

+0.56873 

+1.67392 

(-  ir+3X-T+o,) 

-9.80319 

-0.74161 

(+147-12X-2X) 

+0.50405 

+1.63.504 

(           +  2X-x+«) 

-9.96440 

-0.94535 

(+157-13X-2x) 

-r  0.42870 

+1.59026 

(+  11-+  lX-x'+<.)* 

-0.32618 

-1.17716 

(+167'-14X-2x') 

+0.. 32885 

+  1.54035 

(+  21'             -ir+a.) 

-0.76116 

-1.40475 

(+177'-15X-2x) 

+0.26891 

+1.48593 

{+3r-  IX-T+a,) 

-0.95270 
-1.04356 
-1.08220 
-1.08907 
-1.07461 
-1.04473 
-1.00354 
-0.95327 
-0.89581 

-1.60877 
-1.75595 
-1.85722 
-1.92368 
-1.96385 
-1.98376 
-1.98771 
-1.97885 
-1.95945 

(+187-16X-27r') 
(+197-17X-2)r) 
(+207-18X-2x') 
(+217'-19X-2ir) 
(+227-20X-2x) 
(+237'-21X-2x') 
(+247-22X-2X') 
(+257-23X-2X') 

+0.18518 

+0.09914 

+0.01641 

+9.92174 

+9.828 

+9.736 

+9.642 

+9.549 

(+47'-  2\-ir+c.) 

(+5r-   3X-T+a,) 

(+  6/'-  4X-x+a,) 

(+  7r-  5X-x+<j) 

(+  81'-  6X-ir'+ul 

(+  91'-  7X-»-+u>) 

(+10/'-  8X-T+<^) 

(+11/-  9X-r+c.) 

(+127'-10X-x+u,) 

-0.83247 

-1.93127 

e%'2cos(67— 4X-27r) 

-1.43088 

(+13r-llX-x+«) 

-0.76422 

-1.89567 

(+147   -12X-)r+a,) 

-0.69179 

-1.84138 

e'*cos(67-4X-2jr  ) 

-1.38917 

(+157  -13X- »■■+«) 

-0.615a3 

-1.80627 

(+167'-14X-x'+u) 

-0.53674 

-1.75403 

e'Vcos(67'-4X-2x') 

-2.41885 

(+177'-15X-ir'+w) 

-0.45500 
-0.37162 

ee''cos(67'-4X-2x') 

+0.61278 

(+187-16X-jr'+u) 

(+197-17X— tt'+w) 

-0.28443 

(+20/-18X-5r'  +  u) 

-0.19590 

7;2cos(—  97'+llX— 2t') 

+9.80482 

+0.98963 
+1.06556 

(+217'-19X-7r+a)) 

-0.10619 

(-  87+10X-2r') 
(-  77  +  9X-2t') 
(-  67  +  8X-2t') 
(-  57'+  7X-2t') 
(-  47  +  6X-2t') 
(-  37  +  5X-2t') 

+9.90875 
+0.01207 
+0.11295 

(-|-227'-20X-jr+u) 

-0.01410 

+1.13965 
+1.20649 
+1.26022 
+1  32837 

(+237  -21X-»-'+<j) 

-9.92169 

(+247-22X-7r'-f«) 

-9.82802 

+0.21128 

(+257  -23X-ir+u) 

-9.73320 

+0..30&52 
+0.39791 

+1.37988 

e'e'  cos(67'-4X-jr  -&>) 

+1.55169 

(-  27  +  4X-2t') 

+0.48377 

+1.42334 

(-  17  +  3X-2t') 

+0.56176 

+1.45683 

ee'^cos  (67'— 4X—T ■+(■>) 

+1.90298 

(           +  2X-2t') 
(+  17'+  lX-2r')|| 

+0.62721 
+0.66859 

+1.47818 
+1.48493 

(+  27'           -2t') 

+0.62721 

+1.47818 

ee  V  cos  (67'  — 4X— ir  — w) 

+2.67076 

(+37-  1X-2t') 

+0.56176 

+1.45683 

(+47-  2X-2t') 

+0.48377 

+1.42331 

e'>cos(-137'+15X-2ir) 

+9.05721 

+0.25209 

(+57'-  3X-2t') 

+0.. 39791 

+1.37988 

(-127+14X-2I-') 

+9.12087 

+0.28538 

(+67-  4X-2t') 

+0.30652 

+1.32837 

(-117  +13X-27r) 

+9.17921 

+0.31322 

(+77'-  5X-2t') 

+0.21128 

+1.26022 

(-107'+12X-2x-) 

+9.23160 

+0.33160 

(+87-  6X-2t') 

+0.11295 

+1.20649 

(-  97  +llX-2ir'j 

+9.27674 

+0.34096 

(+  97-  7X-2t') 

+0.01207 

+1.139^ 

(-  87'+10X-2ir) 

+9.31260 

+0.33905 

(+107-  8X-2t') 

+9.90875 

+1.06556 

(-  77  +  9X-27r') 

+9.S3832 

+0.32542 

(+117-  9X-2t') 

+9.80482 

+0.98963 

(-  67  +  8X-27r') 

+9.35170 

+0.29997 

(-  57  +  7X-2x') 

+9.351-^ 

+0.26624 

e-ij2cos(67  -4X-2t') 

+1.60097 

(-  47'+  6X-2x') 

+9.33760 

+0.23602 

(-  37  +  5X-2»-') 

+9.31988 

+0.23562 

e'Vcos(67  -4X-2t  ) 

-9.77815 

(-  27  +  4X-2X  ) 

+9.32919 

+0.30124 

(-   17'+  3X-2ir') 

+<).429a3 

+0.44797 

>?«cos(67-4X-2t  ) 

-1.8902 

(             +  2X-27r') 

+0.66761 

+0.65018 

(+  17'+  U-2r')t 

+0.01535 

+0.86905 

e3cos(-  47  +7X-3u) 

+9.8553 

+0.40115 

(+  27'          -2t) 

+0.47741 

+1.07029 

(-  37+6X-3u) 

+9.7528 

+9.98511 

(+  37'-  lX-2x')t 

+0.71910 

+1.28134 

(-  27'+5X-3ui 

+9.5688 

-9.72835 

(+  4/'-  2X-2x') 

+0.82723 

+1.45132 

(-  17+4X-3<-)§ 

+  8.91434 

-0.36710 

(+57-  3X-2x') 

+0.87482 

+1.57246 

(             +3X-3a.i 

-9.47553 

-0.65861 

(+  67-  4X-2x') 

+0.88721 

+1.65437 

(+  l/'+2X-3a,)*t 

-9.7a373 

-0.91747 

(+  77  -  5X-2»-') 

+0.87649 

+1.70646 

(+  27+1X-30,) 

-0.19564 

-1.19371 

(+87-  6X-2t') 

+0.84943 

+1.73492 

(+  37'         -3u,) 

-0.57471 

-1.45904 

(+  97'-  7X-2x') 

+0.81018 

+1.74713 

(+  47-lX-3«) 

-0.81489 

-1.68553 

(+107'-  8X-2x') 

+0.76153 

+1.74431 

(+  57-2X-.3..,) 

-0.96891 

-1.86215 

(+117'-  9X-2x  ) 

+0.70536 

+1.72992 

(+  6l-3\-3w) 

-1.06843 

-1.99642 

(+127'-10X-2ir') 

+0.64307 

+1.70594 

(+  77'-4X-3a,) 

-1.13096 

-2.09720 

aRoi 

""da         1 

a\R„, 

dR„, 
""da 

*eecos(l+K-,+>.) 

-0..>4492 

-1.3671S 

i?2cos  (f +A-2t) 

+0.59194 

+1.47407 

Te2cos(r-}-A-2i ) 

+0.22*18 

+0.86347 

§e!cos(-r+4A-3u) 

-9.22874 

-0.41163 

ie2cos  (3J-A-2!!  ) 

+0. 43000 

+1.21928 

»te3cos(i+2A-3«.) 

-9.78663 

-0.91912 

411 
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TABLE  lY  —  Continued 


e'cos 


+-  81  -5\-3oi 

+  91  -e\-3u 

+-10/  -7X-3« 
+11/  -8X-3..J 
+12/  -9X-3<.>: 


-  9/ 

-  8/ 

-  7/' 

-  6/' 

-  5/' 

-  4/' 

-  3/ 

-  2/' 

-  1/' 
0 

+  1/' 
+  2/' 
+  3/ 

+  ir 

+  5/' 
+  6/' 

+  ?/■ 

+  8/' 
+  9/' 

+10/' 

+11/' 

+12/' 


■+10X-W 
+  9X 
+  8X-U 
+  7X  ' 
+  6X 
+  5X-W 
+  4X-ai 
+  3X-.., 
+  2X-W 
+  lX-« 
0  -a- 

-  IX-c 

-  2X-W 

-  3X-W 

-  i\-u, 

-  5X  — w 

-  6X — w 

-  7X- 

-  8X- 

-  9X- 
-lOX- 
-IIX- 


-  9/ 

-  8/ 

-  7/ 

-  6/ 

-  5/ 

-  4/ 

-  3/ 

-  2V 

-  If 

+  !/■ 
+  2/' 
+  3/' 
+  4/' 
+  5/' 
+  6/' 
+  7/' 
+  8/' 
+  9/' 
+10/' 
+11/' 
+12/' 
+13/' 
+14/' 
+15/' 
+10/ • 
+17/' 
+18/' 
+19/' 


'+10X 
■+  9X 
'+  8X 

■+7X 
'+6X 
'+  5X-«' 
■+  4X-a. 
■+  3X- 
'+  2X- 
IX- 

-  IX- 

-  2X- 

-  3X- 

-  4X- 

-  5X- 

-  6X- 

-  7X- 

-  8X- 

-  9X- 
-lOX- 
-IIX- 
-12X- 
-13X- 
-14X- 
-15X- 
-16X- 
-17X- 
-18X-W 


eVeo8(-  5/'+  6X-W) 
(-  4/'+  5X-«) 
(-3/'+  4X-«) 


-1.16689 
-1.22853 
-l.ia324 
-1.16615 
-1.14907 

-0.74554 
-0.73687 
-0.71240 
-0.6&321 
-0.59757 
-0.49870 
-0.37293 
-0.25876 
-0.25551 
-0. 41652 
-0.55374 
-0.46545 
-9.84061 
+-0. 36700 
+0.73745 
+0.91761 
+1.01983 
+1.08200 
+1.113a3 
+1.17909 
+1.17387 
+1.15698 

-0.97630 

-0.9G2&5 

-0.92609 

-0.88947 

-0.81325 

-0.72779 

-0.65040 

-0.63759 

-0.72955 

-0.87612 

-0.90274 

-0.649.35 

+0.2.5003 

+-0. 954.36 

+1.20194 

+1.33746 

+1.41716 

+1.46228 

+1.48328 

+1.48712 

+1.47712 

+1.447 

+1.416 

+1.382 

+1..347 

+1..307 

+1.2.53 

+1.190 

+1.113 

9.025.31 
.55755 
+0.89581 
+1.1.3714 


«: 


dRi 
^  da 


-2.15963 
—2.22.382 
-2^25182 
-2.27985 


-1.58587 
-1.48655 
-1.. 36900 
-1.25081 
-1.19089 
-1.2.3550 
-1.36203 
-1.49739 
-1.58743 
-1.60121 
-1.49760 
-1.13464 
+1.04552 
+1.24087 
+1.84233 


-1.95796 
-1.89546 
-1.82367 
-1.7.3521 
-1.64523 
-1.58470 
-1.59260 
-1.67586 
-1.79520 
-1.89643 
-1.94869 
-1.91679 
-1.74228 
-0.96182 
+1.65287 
+2.06060 
+2.25373 
+2.. 37,566 
+2.45773 
+2.51095 
+2.54469 
+2. .56194 
+2.. 567.38 
+2.56573 
+2.5315 


+1.71851 
-i-1.977a3 
+2.15084 
+2.29038 


1/  +  2X-a. 
+  1X-U, 
+  1/' 

+  21-  IX-u 
+  3/-  2X-U 
+  4r-  3X-W 
+  5/  -  4X-&I 
+  6/-  5X-U 
+  7/'-  6X-« 
+  8/'-  7X-a; 
+  9/'-  SX-u 
+10/'-  9X-U 
+11/-10X-W 
+12/'-llX-w 


-20/ 
-19/ 
-18/ 
-17/ 
-16/ 
-15/ 
-14/ 
-1.3/ 
-12/ 
-11/ 
-10/ 

-  9/ 

-  8/ 

-  7/ 

-  6/ 

-  5/ 

-  4/ 

-  3/ 

-  2/ 

-  1/ 

+  1/ 
+  2/' 
+  3/ 
+  4/ 
+  5/ 
+  6/' 
+  7/' 
+  8/' 
+  9/' 
+10/' 
+11/' 
+12/' 
+13/' 
+14/' 
+15/' 
+16/' 
+17/' 
+18/' 
+  19/' 
+20/' 
+21/' 
+22/' 
+2.3/' 
+24/' 
+2.5/' 
+26/' 


+21X 
+20X 
+19X 
+18X 
+17X 
+16X 
+15X 
+14X 
+1.3X 
+12X 
+11X 
+10X 
+  9X 
+  8X 
+  7X 
+  6X 
+  5X 
+  4X 
+  3X 
+  2X 
+  1X 

-  IX 

-  2X 

-  .3X 

-  4X 

-  5X 

-  6X 

-  7X 

-  8X 

-  9X 
-lOX 
-IIX 
-12X 
-1.3X 
-14X 
-1.5X 
-16X 
-17X 
-18m 
-19X 
-20X 
-21X 
-22X 
-2.3X 
-24X 
-25X 


-■»•■) 

-T) 

-,r') 
-t') 

-T) 

-,r') 

-T) 
-T') 
-"•') 

-tt') 
-,r') 

-T')*t 

-T') 
-TT') 
-T') 
-T') 

-rr') 

-T') 

-t) 

-tt') 

-w) 

-n) 

-^■) 
-^') 


-TT') 


+1.32789 
+1.47807 
+1.57859 
+1.66789 
+1.64068 
+1.64527 
+1.61669 
+1.58686 
+1.53407 
+1.48746 
+1-427.30 
+1.36171 
+1.29159 
+1.21759 

-7.954 

-8.0792 

-8.1760 

-8.2900 

-8.3979 

-8.4983 

-8.60338 

-8.70483 

-8.80405 


-8.99677 

-9.08426 

-9.16892 

-9.24673 

-9.. 31486 

-9.. 36881 

-9., 39914 

-9.384a3 

-9.25513 

-7.22194 

+9.65167 

+0.288'33 

+0.. 39478 

+0.. 36881 

+0.32460 

+0.2.5489 

+0.17480 

+0.08779 

+9.99578 

+9.900tt3 

+9.801.35 

+9.7(X).31 

+9.597.37 

+9.49280 

+9.. 38687 

+9.27977 

+9.171G9 

+9.06070 

+8,9.5284 

+8.84198 

+8.7.3102 

+8.6180 

+8.5071 

+8.3892 

+8.2814 

+8.1&54 

+8.0538 


+2.40601 
+2.49862 
+2.57175 
+2.62475 
+2.66011 
+2.67877 
+2.67981 
+2.67615 
+2.65498 
+2.&30O4 
+2., 59940 
+2.. 556.30 
+2.51412 
+2.4&377 

-9. .3090 

-9. .3955 

-9.4824 

-9.5658 

-9.6478 

-9.7262 

-9.8021 

-9.7387 

-9.9413 

-0.0034 

-0.0588 

-0.1061 

-0.1427 

-0.16485 

-0.16624 

-0.1.3494 

-0.04347 

-9.79691 

+9.1.5297 

+0.10195 

+0.4.3914 

+-0. 62721 

+0.81795 

+0.92452 

+0.97499 

+0.99035 

+0.98215 

+0.95716 

+-0. 91962 

+-0. 872.37 

+0.8174 

+0.7561 

+0.6896 

+0.6187 

—0.5440 

—0.4021 

—0.. 38,53 

— 0.,3021 

—0.2107 

—0.1290 

—0.0.378 

—9.9489 

+9.8567 

+9.7(34 

+9.6676 

+9.6002 

+9.4756 


o'Ko, 

aa  — ; — - 
da 

aR„ 

aa  — ; — 
da 

•e»co8(-/+2A-») 
teelMW  (-/+2A-») 
Xee-crn(    1         -») 

-0.18139 
-0.71402 
-0.932M 

-1.35865 
-1.79389 
-  1.951U 

Vieti^ COS  (-1 +2X-M) 

|ct2cOs(      I             -») 

•tc-cos(2J  -A-u) 

+1.,3.'>.')14 
+1.56.543 
+9.98823 

+2.40665 
+2.57W3 
-H).70M7 
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TABLE  J\  — Continued 


,    dRi 

dRi 

n/i^i 

da 

a'R^ 

a'a  —i — 
da 

eV 

COS  (-    7/'+8X-ir') 

+0.90217 

(-   21  +  3X-7r 

)                   +0.. 33417 

+1.40159 

(-   6r+7X— ir') 

+0.86457 

+1.76226 

(-   1V+  2\~ir 

)                   +0.44469 

+1.51683 

(-  5r+6X— it') 

+0.80557 

+1.67484 

(         +    x-^ 

)                   +0.60576 

+1.62587 

(-    4r+5\— ir') 

+0.73111 

+1.60148 

(+  11- 

)                   +0.70807 

+1.70018 

(-   3r+4X-7r') 

+0.64802 

+1.57523 

(+  2r-      X-,r 

)t                 +0.60160 

+1.71297 

(-   2/'+3X-7r') 

+0.59662 

+  1.60714 

(+  3r-   2X-,r 

)                   +9.88412 

+1.62&38 

(-   lZ'+2X-7r') 

+0.a3801 

+1.84224 

(+  4Z'-    3X-,r 

)                   -0.53788 

+1.32931' 

(              +1X-^) 

+0.77974 

+I.a3856 

(+    51'-    i\-T 

)                   -0.89185 

-0.94718 

(+11'          -'■) 

+0.92443 

+1.93602 

(+  61' ~  5X— n- 

)                   -1.06225 

-1.64883 

■      (+  2r-lX-7r')* 

+0.93706 

+1.97961 

(+  11'-  6X-X 

)                   -1.16523 

-1.91255 

(+  3r+2X-,r') 

+0.65094 

+1.93932 

(+  8r-   7X-7r 

)                   -1.22011 

-2.06915 

(+  47'-3X-7r')' 

-0.36158 

+1.75312 

(+  91-  8\-w 

)                   -1.25003 

-2.17036 

(+  5Z'-4X-ir') 

-0.99561 

+0.865a3 

(+10Z'-  9X— X 

)                   -1.26035 

-2.23523 

(+  6r-5X-7r') 

-1.23150 

-1.73756 

(+iir-iox-,r 

)                   -1.2958 

-2.28193 

(+  7/'-6\-7r') 

-1.36124 

-1.08641 

(+r2/'-llX-,r 

)                   -1.2778 

-2.3006 

(+  8r-7X-7r') 

-1.43727 

-1.38807 

(+i3r-i2x-x 

)                   -1.2526 

-2.3194 

(+  9r-8X— tt') 

-1.47979 

(+14Z-13X-,r 

)                   -1.2205 

-2.3142 

(+10r-9X-7r') 

-1.51569 

(+15Z-14X-,r 
(+16Z'-15X-,r 

)                   -1.1807 
)                   -1.1313 

-2;3699 

€'■' 

COS  (—  7/'+  8X— ff ■) 

+0.51348 

(+17/-16X-,r 

)                   -1.0785 

-2.2790 

(-  6/'+  7X— it') 

+0.47012 

+1.39838 

(+18Z'-17X-7r 

)                   -1.0213 

-2.2624 

(-   5/'+  6X-7r') 

+J.  41162 

+1.33270 

(+19/'-18X— TT 

)                   -0.9624 

(-  «'+  5X-X') 

+0.34713 

+1.29a32 

(+20r-19X+7r 

)                   -0.9017 

(-   31'+  4X-7r') 

+0.31190 

+1.31836 

'  COS  (2?— A— TT  ) 


tc3cOS  (2?  -A-ir  ) 


